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FOREWORD

The Federal Power Commission pursuant to the Federal
Power Act is authorized to 1ssue licenses for terms up to
50 vears for the construction and operation of non-Federal
hydroelectric developments subject to its jurisdiction, on
the necessary condition:

{(Tyhat the project adopted . . . shall

be such as in the judgement of the Commission will
be best adapted to a comprehensive plan for improv-
ing or developing a waterway or waterways for the
use or benefit of interstate or forelgn commerce,
for the improvement and utilization of water power
development, and for other beneficial pubilg uses,
including recreatlonal purposes

The Commission may require such other conditions not
inconsistent with the provisions of the Act which may be
tound necessary to provide for the various public interests
to be served by the preoject.** C(Compliance with such
conditions during the license period is required. Section
1.6 of the Commission's Rules of Practice and Procedure
allows any person objecting to Licensee's compliance with
such conditions, to file a complaint noting the basis for
such obiection for the Commission's consideration.®#%%

% 16 U.S.C. Sec. 803(a).
#% 16 U.S.C. Sec. 803(g).
#%% 18 C.F.R. Sec. 1.6 (1
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i. FEDERAL POWER COMMISSION

2. BUREAU OF POWER

3.

4, FINAL ENVIRONMENTAL IMPACT STATEMENT

5.

6. SUMMARY SHEET

7.

8. 1. This Final Statement relates to an administrabtive
9, action.
10.
11. 2. Thie action consists of consideration of an

12, application by the City of Seattle, Washington for amend-
13. ment of the license of the Skagit River Project No. 553,
14. located on the Skagit River in Whatcom County, Washington.
1%. Approval of the amendment would provide for raising the
16. structure height of Ross dam by 121 feet and raising
17, the normal full reservoir elevation from 1,602.5 feet to
18. 1,725 feet, constructing a new spillway, replacing the
19. existing turbine runners with new turbine runners designed
20. for a higher head, and modifying outlet works, generators
21.and transformers. The existing reservoir surface of about
22.11,680 acres at elevation 1,602.5 feet would be increased
23. to approximately 20,000 surface acres at elevation 1,725
24, feet and would affect lands in both the United States and
25.Canada. The U.S. section of the Ross reservoir is
26.within the boundary of the Ross Lake National Recreation
27.Area which is administered by the National Park Service (NPS)
28, 0f the U.S. Department of the Interior. The existing '
29, recreation facilities at Ross Lake would be relocated
30, at a higher elevation in accordance with standards of
31.the NPS. The Ross development, which is the uppermost in
2.a series of three developments of Project No. 553,
33.provides for flood control in addition to regulating the
34, flow for hydroelectric power production.
35.
36.3. Environmental impacts due to increasing the height
37.0f the dam and reservoir and future operation of the
38.project would include: (1) inundation of about 8,300
39.acres of U.5. and Canadian land which would eliminate a
4G, forested wildlife habitat, fish spawning areas and recrea-
41 .tional use of the land; (2) elimination of the free-
42.flowing river and free~flowing streams from elevation
43.1,602.5 feet to 1,725 feet; (3) change in recreational
44 ,and scenic values of the inundated area from stream-type
45.to reservoir-type; (4) reducing the extent of the
46 .maximum drawdown from 127.5 feet with the existing project
47.to 56.2 feet with the High Ross proposal; (5) reducing
48, the average water temperature of the Skagit River down-—
49 .stream from the project with attendant effects on the
50.biota; (6) providing easier access for the public to
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reach Ross Lake and thereby increasing the recreational
use of the Ross basin; (7) economic benefit to the

area resulting from an increased number of visitors to

the project area; and(8) increasing the installed capacity
of the proiect by 235,000 kw and the annual generation of
energy by a minimum of 315,000,000 kwh.

During the expected Z year construction period, the
reservoir would be lowered and maintained at an elevation
below 1,600 feet. Water guality, recreaticnal use, scenic
values and fish production would be adversely affected
during this periocd.

4. Alternatives considered include the construction of

thermal generating facilities, alternatiwve hydroelectric

. projects, purchase of power from another source, exotic

sources, no action, conservation of energy and denial of
the application for amendment of the license.

5.a. Comments on the draft environmental impact statement

. were requested from the following agencies and organizations.
. An asterisk {(*) denotes those agencies and others from whom

. timely responses were received. All comments received prior
. to the printing of this statement are included in Appendix H.

FEDERAL AND REGTIONAL

Atomic Energy Commission *

Department of Agriculture, U.S. Forest Service
Department of Commerce *

Council on Environmental Quality

Department of the Army, Corps of Engineers *
Department of Health, Education and Welfare *
Department of the Interior

Department of Transportation *

Environmental Protection Agency *

Department of State

International Joint Commission

Pacific Northwest River Basins Commission

STATE

Department of Ecology *

Office of Program Planning and Fiscal Management
Department of Figheries *

Department of Game *

Department of Highways

Utilities and Transportation Commission
Department of Natural Resources

State Planning and Community Affairs Agency



~iii-

1. Interagency Committee for Outdoor Recreation *

2. Parks and Recreation Commisgssion

1, S8kagit County, Washington

4, Skagit County Planning Board

5. Whatcom County, Washington

6.

7. 5.b. Parties to the Proceeding:

g.

9, State of Washington, Department of Ecology *
1G. State of Washington, Department of Fisherijes #*
11. State of Washingteon, Department of Game *

12. R.0.5.5., et al., and Davis M. Brousson, MLA *
13, The Wilderness Society, et al. *

14 The North Cascades Conservation Council *

15. The City of Seattle, Washington *

ig:é. The final statement was sent to the Council on

[
je9]

. Environmental Quality and made available to the public on or
1¢9. about March 15, 1974.
20.

21,

22.

23.

24,

25.

26,

27.

Z28.

29.

30.

31

-
<.

33,
34.
35.
36.
37.
38,
39.
40,
41.
42.
43.

45,
46.
47,
48,
49.
50.






FINAL ENVIRCONMENTAL IMPACT STATEMENT

ROSS DEVELOPMENT OF PROJECT NO. 553 -
SKAGIT RIVER — WASHINGTON

Introduction
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On December 17, 1970, the City of Seattle, Washington,
. Department of Lighting {Applicant) filed an application

o

10. to amend its license for the Skagit River Project No. 553.
11. The application contains a proposal to increase the

12. structural height of Ross Dam from a crest slevation of
13. 1,615 feet to 1,736 feet, an increase of 121 feet, and

14. raise the elevation of the normal full reservoir from

15. 1,602.5 feet to 1,725 feet, an increase of 122.5 feet.

16. The reservoir surface area would be increased from about
17, 11,700 acres at elevation 1,602.5 feet to about 20,000

18, acres at elevation 1,725 feet. The surface of the reser-

19, volr at elevation 1,725 feet would measure about 14,800
20. acres in the United States and about 5,200 acres in
21. British Coclumbia, Canada. The reservcir at elevation
22. 1,725 feet would extend an additional seven miles into
23, Canada. At the present elevation of 1,602.5 feet it
24. extends about one mile into Canada. The additional land
25, acreage to be covered by the High Ross development would
26. amount to about 4,720 ‘acres in Canada and 3, 600 acres
27. in the United States.
28.
29, The proposed action of raising Ross dam and its
30, reservoir would result in significant environmental

31. impacts in both the United States and Canadian sections

2. of the project area. The Governments of Canada and the
33, United States, on April 7, 1971, reguested the Interna-
34, tional Joint Commission (IJC) to investigate the
35, environmental conseguences in Canada of raising Ross Lake.
36. An inguiry by the IJC was conducted in 1971 and included
37. work of a composite team of professionals having expertise
38. in various fiels appropriate to the inquiry and input
39, from the record of public hearings held in the general
40 . area of the Skagit River Project. A report entitled

1. "Environmental Consequences in Canada of Raising Ross

2. Lake in the Skagit Valley to Elevation 1,725" was
43, prepared by the IJC in 1971 from information gathered
44, from the ingquiry and from the public hearings. An
45, array of significant environmental impacts which could
46, result from raising the reservoir are described in the
47 . IJC report, as well as recommendations for mitigation
48, of possible losses to the natural resources. This report
49. is wvaluable for identifying environmental impacts which
50, would be expected in Canada and is attached hereto as
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. Appendix F.

Many ©f the comments on the Draft Environmental

. Impact Statement (DRIS} expressed concern that the expected

. environmental impacts in Canada from approval of the proposed
caction were not fully receognized. Staff has relied heavily
.on the IJC report for the study reported therein, and the

. body of the Final Environmental Impact Statement (FEIS) gives
. full recognition to the environmental impacts in Canada.
_Prom a review of the application, including applicant's
.environmental report, it is obvious that the proposed action
.would have major environmental impacts in the Canadian section
.0of the Ross basin. This concern was recognized by the
.governments of both the U.S. and Canada which directed

. the IJC: {a) "to investigate the environmental and
.ecological conseguences in Canada of the raising of the

_Ross Lake to an elevation of 1,725 feet above mean sea

. level, taking into account relevant information about
g.environmental and ecological consequences elsewhere

_on the Skagit River, and measures being taken or planned

. to protect and enhance the environment in these areas;

. {b) in the light of its findings, to report on the

_nature, scope and impact of these conseguences; (c) to

make recommendations, for the protection and enhancement
of the envirconment and the ecology of the Skagit River

:Valley not inconsistent with the Commission's Order

of Approval dated January 27, 1942, the Agreement required

:thereby between the City of Seattle and the Province of

British Columbia dated January 10, 1967, and the purposes
for which such Order of 2pproval was granted." The IJC

"is the appropriate body to consider international environ-
‘mental matters between the U.S. and Canada resulting

"from the raising of Ross dam. Examination of the IJC
‘report referred to above indicates that this was done.
:Therefore, the value of its Skagit Valley report is

recognized as displaying the significant environmental effects

"in Canada for public review. While the IJC report does
‘not follow the format of NEPA, and was not prepared as

an environmental impact statement, it doesg provide a

‘current study of the possible environmental consegquences
‘of approval of the proposed action by the only Agency
"authorized by both governments to investigate this matter.
:The IJC repert should be thoroughly studied by all those

interested in the environmental effects which could result

:from raising the height of Ross dam.

The Applicant hag contracted for environmental

.studies of the Ross basin with the University of
Washington, F. F. Slaney and Company, Limited, and
.others. The following reports prepared by Applicant's
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_consultants are available for review in the Office of
.the Applicant (City of Seattle Department of Lighting)
cand in the offices of FPC Staff.

. (1) "The Pquatic Fnvironment, Fishes and Fishgry,
.Ross Lake and the Canadian Skagit River" Interim
.Report Volume 1, November 1972.

e

A2 "The Aquatic Environment, Fishes and Fishery,
.Ross Lake and the Canadian Skagit River” Interim Report
CNo. 2, Volumes I and II, May 1973,

:(3) "rnvironmental Investigations, Proposed High Ross

.Reservoir, Canada", Volumes I, 1¥, ITII, IV, V, as of
JMarch 31, 1973,

. (4) "Bicotlic Survey of the Rosgss Lake Basin" Report for

January thru December 1971.

. (5) "Biotic Survey of Ross Lake Basin" Report for
.January thru December 1972.

.Many of the reports generated from these contracts
.describe the environment of the proposed expanded develop-
.ment in the U.S. and Canada and suggest measures which
.might be taken to mitigate losses of natural resources

.in Ross basin. The data in these reports have alos been
.considered in preparation of this final environmental
.impact statement because they represent the most recent
.and comprehensive studies of the environmental resources
.in both the U.S. and Canadian sections of the development
.area and are the basis for the conclusion that the 1IJC
.Report could properly be used to reflect the environmental
.issues in the Canadian portion of the Ross basin without
.paraphrasing it in the format of the conventional environ-
.mental impact statement. In using the IJC report for
.purpcses of reflecting the environmental issues in the
.Canadian porticon of the Skagit River Valley, it should be
.understood that the conclusions of the report have not been
.adopted, Staff reserves the right to amend and change
.any environmental recommendation should further evidence
.be adduced during the hearing call for such action.
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1. DEESCRIPTTION OF THE PROPOSED ACTION

1.1 PURPOSE

The primary purpose of the proposed raising of
Ross Lake from its present normal maximum pool elevation
1,602.5 feet (msl} to normal maximum pool elevation 1,725.0
feet (msl) is to increase the power cutput of the Ross
powerplant., Ross development as consiructed contains
four hydroelectric generating units having an at site
dependable peaking capacity of 252 mw during the 42,5-
month West Group, Pacific MNorthwest System critical period
{hereinafter referred to as critical periocd). {The critical
period is the period when the limitations of hydreoelectric
power supply, due to water conditions, are most critical
with respect to system load reguirements). The critigcal
period dependable capacity of the proposed Hich Ross develop-
ment would be 525 mw at site. The increase in power output
would be due entirely to the increase in pressure head
on the turbines caused by the higher water surface eleva-
tion. The existing turbines would remain, but the turkine
runners would be replaced with new runners to accommodate
the increased pressure head. The usable storage of the
reservoir would be unchanged, therefore the hydraulic
operation of the proposed High Ross Lake would be essentially
the same as the hydraulic operation of the existing Ross Lake.
The existing generators and associated transmission equip-
ment would reguire some modification. Maximum reservoir
drawdown would ke 56.2 feet for High Ross Lake compared
to 127.5 feet for existing Ross Lake. The proposed develop-
ment would provide additional electric power for the
Seattle metropeclitan area and also would provide additicnal
bulk power for the West Group of the Pacific Northwest
Utilities Conference Committee (Vest Group).* Power

producing members of the Vest Group are listed in Table
1-1.

*The "West Group" is composed of 16 utilities in the
Northwest power pool which supply bulk power in the
entire state of Washington, the panhandle of Idaho,
Oregon except for the southeastern part of the state,

a portion of Northern California, The Bonneville Power

Administration (BP2Z) and Pacific Power & Light Company's
service lcads in Montana, and includes the BPRA loads
and the U.S. Bureau of Reclamation resources in
Southern Idaho.



1-2
TABLE 1-1

Power Producing Members of
The West Group

Public
1. City of Eugene
2. City of Seattle
3. City of Tacoma
4. Chelan County PUD
5. Clark County PUD
6. Cowlitz County PUD
7. Douglas County PUD
g. Grant County PUD
9. Grays Harbor PUD
10. Pend Oreille PUD
11. Snohomish County PUD
12. U.5. Corps of Engineers
13. U.S. Bureau of Reclamation
14. Others
NonPublic
15, Pacific Power § Light Company
16. Portland General Electric Company
17. Puget Sound Power & Light Company
18. The Washington Water Power Company
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Applicant's electric generating plants provide
1,257 mw of hydroelectric capacity {critical periocd
capacity) and 62 mw of steam electric capacity.** 1In
addition, Applicant has contracted for 124 mw of hydro-
electric capacity from others and purchased additional
power from Bonneville Power Administration (BPA), the
marketing agency for federal power in the Pacific North-
west. The proposed Roszs redevelopment would add 273 mw
of at-site dependable capacity and 315,000,000 kwh of
at-gite annual energy during a repetition of the critical
streamflow period. 2pplicant plans to install, but has
not ordered, 60 mw of gas turbines and will have an eight
percent allotment (112 mw) from Centralia steam-electric

plant availakle in Fiscal Year (FY) 1981. (2 Fiscal Year
is defined as the 12 month period from July 1 to June 30
next.) 2As a preference customer, Applicant plans to

purchase from 147 to 236 mw of firm power in varying
amounts annually from BPA through FY 1977. With existing
generating plants, purchased power, the Ross increment,
and other arrangements, Applicant's FY 1977 total net
rescources will be 2,027 mw c¢ritical period capacity and
8,935,200,000 kwh critical period energy (18).

Applicant's 1972 peak demand was 1,456.5 mw on
December 7 (FPC Form 12). The estimated FY 1977 peak
demand is 1,747 mw and estimated annual energy reguirement
is 8,908,920,000 kwh. Applicant's estimated capacity
resource less estimated demand is 280 mw, which provides
a reserve margin of about 16.0 percent. ¥Without the Ross
increment and without obtaining the power from BPRA, Appli-
cant would have a capacity deficit of 228 mw or about
13 percent and its system would have a critical period
energy deficit of 2,338,920,000 kwh, or about 26.3 percent.

Tncluded amcng the West Group's existing and
scheduled rescurces are: the coal-fired Centralia #1
and #2 generating units; the nuclear-fired Trojan plant
scheduled for operation in 1975; and the hydroelectric
Grand Coulee powerhouse #3 units which are scheduled over
a lengthy period running from February 1974 through
September 1993. The estimated incremental ocutput of High
Ross is shown in publications of the Pacific Northwest
Utilities Conference Committee, including the "West Group
Forecast"” of February 1, 1973, and "Long Range Projection

**Hydroelectric plants: Cedar Falls, Gorge, Diablo,

Ross, Boundary, and Newhalem. Steam electric plants:

Lake Union and Gecrgetown,
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of Power Loads and Resources for Thermal Planning” dated
April 9, 1973. Our estimate of the earliest that the
power increment due to raising Ross dam could be made
available is about January 1, 1977. Therefore, power
produced by High Ross will follow Centralia and Troijan
and will be concurrent with some of the Grand Coulee
Powerhouse #3 units.

Tt is customary practice for the power systems of
the Pacific Northwest to plan the addition of new electric
power generation so that the area will not suffer a power
deficit, peaking or otherwise. The power increment to be
provided by High Ross is part of the planned additions.
The addition would be 0.8 psrcent of total West Group
area peaking capability (West Group Forecast 2/1/73)
in 1980. EHigh Ross as modified would be 1.6 percent of
the area's 1980 peaking capability.

The need for the Ross power increment is shown by
the above analysis of 2Applicant’s system as if isolated.
However, since the Applicant does not operate singly
hut as a membher of the West Group, which is operated on
a coordinated hasis, it is the latter operation that
is most important. The West Group's power supply is
predoninantly hydroelectric, and because of this,
optimum power output depends upon the optimum use of
streamflow. The 42.5-month critical streamflow period for
the Pacific Northwest region is not necessarily the
critical streamflow period for each stream in the West
Group region. The critical period is, however, the
basis for determining optimum power producticn on a
coordinated basis and all operating members of the West
Group utilize this regional historic water supply to
determine dependable capacity and energy.

The West Group's cgenerating plants for FY 1977
with all planned new capacity on schedule would comprise
24,215 mw hydroelectric, including Ross increment, 161
mw imports, 994 mw gas turbines, and 3,990 nw steam-
electric and miscellanecus, for a total 29,360 mw of
capacity. The estimated critical period energy resource
is 15,972 average mw, or 139,%15,000,000 kwh for the
vear. The West Group's estimated total peak demand
for FY 1977 is 26,629 mw and the estimated energy
reguirement is 145,039,000,000 kwh. Subtracting the
estimated peak load from the available capacity gives
2,731 mw gross margin for reserve, or about 10.3 percent.
Without the Ross increment, the gross margin for reserve
would be 2,458 mw, or about 9.2 percent. Subtracting
the estimated energy load regulrement from the estimated
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critical period annual energy supply gives an estimated
annual enerqgy deficit of about 5,124,000,000 kwh or

3.5 percent. Without the Ross increment, the annual
average energy deficit would be 5,439,000,000 kwh or
about 3.8 percent.

Staff analyvses for the Natlonal Power Survey,
1970, (12) showed a national average reserve reguirement
of arout 20 percent of estimated peak demand. Individual
analyses varied within a range of 15 to 26 percent,
reflecting differences in unit size and types and charac-
teristics of generation. 7Thus, the West Croup reserve
margin of about 10.3 percent, with Rosg addition, is
lower than the reserve margin generally provicded.

Ross reservolr is operated to provide 120,000
acre-feet of storage space between elevations 1,602.5
feet and 1,582.1 feet for flood control purposes. According
to an agreement with the Corps ¢f Fngineers, annual
reservoir drawdown must commence no later than Cctober 1,
and must be completed to elevation 1,592.1 feet by
December 1. After March 15, refill of the reservoir
to maximum elevation 1,602.5 is permitted. With Ross
Lake raised to normal maximum elevation 1,725.0 feet,
the same amount of storage capacity for flood control
could be provided retween elevation 1,725 feet and 1,719.1
feet. The Corps of Engineers has indicated that on the
basis of preliminary studies it may be desirable to
increase the total flood control storage provided at
Ross reservolr.

Any downstream commercial navigation would be
uraffected by the proposed Ross redevelopment, because
releases from High Ross powerplant would be reregulated
by Diablo and Gorge reservoirs of Project No. 553. Also
the volume of water released from the enlarged Ross Lake
would be the same as that from the existing reservoir.
Consgeguently, the release pattern through Gorge power-
plant after High Ross dam is constructed would be the
same as that with the existing Ross project.

The usable storage in existing Ross reservoir 1is
1,052,000 acre-feet between elevations 1,475.0 and 1,602.5
feet which provides almost complete regulation of the at-
site streamflow. Raising Ross Dam would not reguire changing
the amount of usable storage 1n the reservoir since the
inflow regimen would be unchanged and the project operation
essentially the same. Raising the reservoilr would increase
the pressure head on the turbines, thus increasing the ratio
of power output per cfs discharge. VWith the reservoir at a
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normal maximun pocl elevation of 1,725.0 feet, the hydraulic
capacity of the turbines at full plant output (529 mw)

would be about 13,500 cfs. This compares to the existing
turbine hvdraulic capacity of about 15,000 cfs at fuil plant
output (450 mw) with Ross Lake at normal maximum pool
elevation 1,£02.5 feet., The maximum hydraulic capacity

of the turbkines with High Ross reservoir at minimum pool
elevation 1,€6R.8 feet would be about 15,600 cfs (522 mw)

as compared to about 12,600 cfs (218 mw) for the existing
development at its minimum pool elevation of 1,475.0 feet.

tverage water use during the 42.5-month critical
period, the lowest streamflow periced of record (i.e.,
August 16, 1928 - to February 29, 1932}, would be about
the same for both the existing and proposed high dam
developrents, since no spill is anticipated during this
period. The average regulated power discharge during
this pericd would be abhout 2,800 cfs (2,000,000 acre~feet
per vyear), of which akout 2,390 cfs (1,700,000 acre-feet
per year) would be from streamflow and 410 cfs from the
1,052,000 acre~feet of usable storage which would be
released over the 42.5-month critical period.

A proposed recreatlonal development plan for
IHigh Ross Lake reservoir has been included in the applica-
tion for amendment of license. In general the plan calls
for replacement of existing facilities that would be
inundated by the higher reserveir. The replacement camp-
grounds would be constructed to substantially higher
standards than those found at the existing sites. Ib
addition, day-use, over-look, and reserveir access facili-
ties would be provided near the dam. The recreation plan,
modified to include development of the reservoir access
area at the dam, satisfies minimal initial development
needs as defined by the Secretary of the Interior (letter
to licensee dated December 20, 1972). Also, since the
reservolir is within the Ross Lake National Recreation Area,
all recreation facility design, site locations and construc-
tion reguire National Park Service (NPS) approval. 2all
recreation facilities provided by the Applicant at Ross
Lake will be owned, operated, and maintained by the NPS.

1.2 LOCATION

The Ross development is located on the Skagit
River in eastern Whatcom County, Washington. The upper
reach of Ross reservoir crosses the international boundary
and extends about cne mile into the Canadian Province
of British Columbhia (see Figures 1-1 and 1-~2). Raising
Ross Reservoir to elevation 1,725 feet would inundate
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approximately 7.4 additional scuare miles of the Skagit
River Valley in British Columbia and 5.6 sguare miles
in ¥ashington.

The Ross development is an integral part of
an overall hydroelectric scheme known as the Skagit River
Project, licensed by the Federal Power Commigsion as

Project No. 553. The Fkagilt River Project also includes
the Diabklo and Gorge developments located in series
immediately downstream from Ross. 7he main features of

the Diaklo developwent are a concrete arch dam approxi-
mately 386 feet maximum height akove river bed and a

powerhouse containing two main and two auxiliary generating

units having a dependabhle capacity of 159 nw during

the critical period. The main features of the Gorge
development are a concrete arch dam approximately 270
feet maximum height above river bed and a powerhouse
containing four cgeneratincg units having a dependable
capacity of 175 mw during the critical period. 2ll of
Project No. 553 within the U.&. is within the Ross

Lake National Recreation Area, created by Act of Congress
in 1968 (P.L. 90-544).

The village of Marblemount, Washington, is located
on State Route 20 about 28 miles southwest of Ross dam.
The nearest Canadian community, Hope, British Colurbia,
is leocated 40 miles northwest of Ross Lake.,

The location of the Figh Ross development in
relation to the existing Diablo and Gorge power develop-
ments, and other pover developments in the ESkagit River
Basin, is shown on Figure 1-3.

1.3 PPOPOSED FACILITIES

1.3.1 Project Works

The principal item of construction described in
the application for amendment of license for Project
No. 553 would consist of raising Ross dam an additional
121 feet to a crest-roadway elevation of 1,736 feet
(Figures 1-4 and 1-5). This would permit the storage
of water in Ross reservolr to an elevation of 1,725
feet., 1In addition, the existing power intake structure
would be modified {Figure 1-6), the spillway would
be reconstructed at a higher elevation, and the power-
house turbine runners would be replaced. Applicant also
would construct new recreation facilities, including an
access road and trails (Figure 1-7).
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In raising the existing Reoss dam the general arch
geometry of the existing structure would bhe maintained.
2 concrete thrust block and a 300-foot-long gravity
section would be constructed to extend the proposed high
dam to the left abutment. The proposed design would
permit vehicular accesgs to the crest roadway. Two new
spillways, which would retain the configuration of the
existing structures, would be constructed at a higher
elevation. The twelve radial gates now used to control
spillway discharges would be relocated to the new spilliway
section. Power intake gate hoist machinery and appurte-
nant enclosures now in use would be relocated to the
new intake structure.

Original plans for Ross dam provided for the
addition of concrete to the entire downstream face
whenever the dam would be raised from elevation 1,615
to its ultimate height. Hence, in initial construction
stages, a waffle-shaped pattern of sguare and vertical
keys was formed on the downstream face to bond the colid
concrete with the planned new concrete. Model studies,
stress analyses, and material testing programs indicate,
however, that the dam could he safely raised by bonding
new concrete to the existing dam only from elevation
1,500 feet to elevation 1,615 feet on the upstream surface,
and from elevation 1,475 feet to elevation 1,615 feet
on the downstream surface, then continuing the geometry
from the top of the dam from elevation 1,615 feet to
elevation 1,736 feet.

1.3.2 Recreation Facilities

Enlarging the reservoir would inundate approximately
15 miles of trails and 13 public campgrounds ranging in
size from one to 59 units, all operated by the National
Park Service. The inundated campagrounds would be replaced
by ten new campgrounds having a total of 100 campsites.
Fach new campground would have improved water and sanitary
facilities and a boat access dock. MNineteen miles of new
trails would replace those inundated. In addition,
Applicant would construct an overlook, including inter-
pretive exhibits, and a modest picnic area near the left
abutment of the dam (Figure 1~7). 2 four-lane
concrete boat launching ramp together with a courtesy
dock, fish cleaning station, restrooms, and paved parking
area for 341 car-trailer units, would complete development
at this location {(Figure 1-8). These new facilities
at the dam would allow an additiocnal 46,300 visitor access
to the reservoir each year. Assuming a recreation day
value of $1.95, the additional facilities at High Ross
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would increase annual recreation benefits by $90,300.
Conversely, annual costs for these facilities is estimated
to be $110,400 at an interest rate of 5-3/8 percent.

1.3.3 Reservolr

The proposged construction of High Foss dam would
raise the maximum level of Ross Lake by 122.5 feet to
elevation 1,725 feet and increase the length of Ross Lake

from 22 miles to 29

miles.

2 comparison of physical

characteristics of the existing reservoir with those of
the proposed reservoir is shown in Tahle 1-2.

Total inflow and discharge from the proposed,

enlarged reservoir would not change.
reservoir elevation,

however,

Fluctuations in
would ke less than at

present because of the relationship between reservoir

drawdown and capacity.

Vater surface elevations of the proposed, enlarged
reservoir would fluctuate annually a maxirum of 56.2
feet (between elevation 1,668.8 and elevation 1,725
feet), as compared to the 127.5 feet fluctuation of the

existing reservoir.

Tabhle 1-2

ROES RESERVOIR

COMPARATIVE PHEYSICAL DaTH

xisting PResgervoir

Fnlarged Reservoir

Flevation, maximum
Elevation, minimum
Storage, maximum
Storage, minimum

| Area, maximum

Area, minimum

Shoreline, maximum
Shoreline, minimum
Length {full pool)

1,€602.5 feet

1,475 feet
1,435,000 pF*
383,000 AF

11,700 acres

4,400 acres

£4.5 miles

37.4 miles

22 miles

1,725.0 feet

1,669 feet
3,456,000 AF
2,404,000 2F

20,000 acres

16,300 acres

95.0 miles

82.3 miles

29 miles

*ATF = Acre-foot (43,560 cu. ft.)
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When the exlisting reservoir is drawn down to
elevation 1,540 feet and lower, several acres of uncleared
snags are either exposed or their tops become a hazard to
boating. 2pplicant's ¢learing plan f£or the enlarged
reservolr proposes clearing above elevation 1,650 feet,
which would be more than 18 feet below water surface eleva-
tion at maximum drawdown.

The existing low level outlet works consist of
two 72-inch diameter steel pipes passing through the dam
at elevaticn 1,340 feet. Yach pipe is eguipped with a
butterfly valve located in a valve house on the downsiream
face of the dam. The butterfly valves were not designed
to operate under the increased head of the propcosed high
regservoir. However, the hollow-jet valves which were
installed in the diversion tunnel for low-level bypass
during first step construction would be sultable replace~
ments, The two holliow-jet wvalves would be relocated
from the bypass tc the existing valve house and would
replace the two butterfly valves. In turn, the twoe 6-foot
diameter steel bypass pipes would be plugged with concrete,
The intake for the 72-inch outlet pipes would be replaced
by gates of the same size and type, which now serve the
low-level bypass and which are sultable for the ultimate
head. The gate guides would be extended up through the
concrete of the raised dam and a new operating deck would
be provided at elevation 1,736 feet.

The existing power intake is a reinforced-concrete
structure located at the upstream end of the two power
tunnels, This structure now extends from elevation
1,418 feet, at the sill cof the trashracks, to elevation
1,615 feet, at the top of the operating deck. Hydraulic
gate hoists and steel-frame hcoist towers are located
above the operating deck.

The modified intake structure would consist of
two concrete towers formed by extending the walls of
the existing gate shafts upward to elevation 1,738 feet,.
The modified towers would be connected at the top by
a cantilevered concrete deck and a l4-~-foot wide bridge
would provide access. The hoist houses and accessory
egquipment from the existing installation would be
installed on the new concrete deck at elevation 1,738
feet.

1.3.4 Tallwater Features

There would he no significant changes in tailwater
elevations as a result of raising Ross dam.
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1.3.5 Transmission Facilities

The additional power output that would result from
raising Ross dam would be transmitted over existing trans-
mission lines., No additional lines are reguired or
proposed. Existing transformers would be modified to step
up the voltage of the additional proiject power.

1.4 LAND RFPOUIREMENTS AND UEE

Land rights within the United States necessary
for operation of Ross Lake reserveir at a water surface
elevation of 1,725 feet were granted to the City of
Seattle in 1937. BApplicant obtained similar rights
to flood lands in British Columbia in 1967. On
the American side of the international boundary, the
project boundary is defined by a line located 200 feet
{horizontal measurement) upslope from, and parallel to,
the 1,725-fcot contour. On the Canadian side, Applicant's
flood easement is delimited by a cadastral survey line
that encloseg the 1,749-foot contour.

Al]l reservoir lands bhelow elevaticon 1,727 feet
would be cleared. Clearing operations would generally
be confined to that area within the proposed flood
zone; however, there would be some clearing required in
portions of the proposed campground areas which would lie
outside of the proiject boundary. The proposed recreation
facilities at the left abutment of Ross dam would reguire
some development of non~project lands, but in all instances
such development would take place on Federally owned lands
administered by the HPS.

Development of High Ross would regquire construction
of an access road from State Hichway 20 to the left abub-
ment of the dam. The general alignment of this proposed
one-mile-long road is shown on Figure 1-8. Sufficient
right~of-way over U. §. lands within the Ross Lake National
Recreation Area would be needed to allow for construction
of this 20-feoot-wide road. Following construction,
this road could become the main public access to Figh Ross
Lake reservoir in the United States.

Land for the relocation of 8.5 miles of the Silver-
Skagit road at the upper end of the reservoir in Canada
would also be recuired if High Ross Lake reservoir is
raigsed. 2 proposed alignment on Crown properties is
shown on Figure 1-2. 7This relocation would permit
Canadian access to the higher reservoir.
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Applicant proposesg to obtain the necessary concrete
aggregate from a horrow area, known as (Crane Gravel Bar,
adijacent to the Skagit River about 2 miles below Newhalem
and shown on Figure 1-9,

It is propesed that gravel necessary for construction

of the mile-long dam access road would be obtained from
one of two existing local gravel pitgs. One pit is

near Celonial Creek, a tributary to the Thunder Arm of
Diablo reservoir; the other adjacent to Goodell Creek
near Newhalem (Figure 1-9).

No additional non-proiject lands would be affected
by construction of High Ross dam.

1.5 CONSTRUCTION PROCEFDURES

Raising Ross Lake to an elevation of 1,725 feet
would require the relocation of a portion of the Silver-
Skagit Road in British Columbia, 13 campgrounds, and
about 15 miles of trails.

The lowermost 10.3 miles of the Silver-Skagit
Ropad would be inundated, including a cone-mile extension
from the international boundary to Hozomeen campground
in Washington. The 2Applicant proposes to relocate 8.4
miles of this road along a new alignment established
by Provincial authorities. At the request of park
officials from both countries, the new road would
terminate at a point on the reservoir abeout 2 miles north
of the international houndary to eliminate cross-boundary
vehicular traffic.

Some existing recreation facilities such as
salvageable picnic tables and certain trail bridges would
be relocated to new sites above elevation 1,725 feet,
Relocation of these facilties would be completed before
reservoir clearing is commenced.

In Canada, merchantable timber harvested from
the area to be cleared would be sold at public auction
by the British Columbia Forest Service. Reservoir clear~
ing in Canada, using a Canadian work force, would follow
marketing of timbher and be carried forth according to
specifications established by the British Columbia Forest
Service. Reservoir clearing work in Canada would be
completed before filling of the reserveir.

In the United States, it is proposed that the
reservoir be cleared in the following manner: All trees
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and brush below elevation 1,727 would be felled in
accordance with specifications approved by the National
Park Service. The felled material would then be

floated as the higher reservoir is filled. Commercially
valuakle timber would be retrieved, cut to length, and
transported through Canada, under hond, to outlets in
Washington State. The remaining debris would be
stockpiled on shore, below elevation 1,725 feet, and
disposed of. Disposal would be in conformance with State
and local ordinances.

The maximum dravdown necessary for construction
of the proposed high dam during the late winter months
would be 127.5 feet. The pool level ¢f the existing Ross
Lake would be down to minimum pool elevaticn 1,475.0
for only a few months of the 2Z-year construction
period, and it is highly unlikely that this would occur
during the 42.5 month critical period. Hence, no loss
in dependable peaking capacity would occur, since
other Columbia system plants could provide any deficiency
in the peaking capacity of the Seattle sgystem. FHowever,
there would be an estimated loss in energy of approxi-
mately 1.24 billion kwh. Since the City of Seattle is
a preference customer, this replacement energy could
be purchased from the Ponneville Power Administration.

There would be no significant effect on stream-
flow during the construction period of Figh Ross Dam.
Peak power releases from the Poss plant during this
period would be somewhat smaller than during normal
pericds, because the project weould be operating under
lower heads than it normally would. Fowever, Diablo
and Gorge would reregulate these releases,

211 land surveys necessary to determine the
area needed for the proposed ¥igh Ross Lake reservoir
were completed in 1930. Rights to flood these lands
were obtained from Canada in 1967 and from the United
States in 1937.

Schedule, It would take approximately 2
vears to complete the construction reguired to raise
Ross dam to elevation 1,736 feet, including necessary
modification to the intake structure, spillways, and
generating units. {See Figure 1-10 for complete
project construction schedule.) 2An additional 2 years
¢gould be reguired to fill the reservoir and to complete
reservolry clearing in the United States.
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1.6 OPFEATIONAT, PROCEDURER

kFoss Lake is the principal water storage reservoir
for the City of Seattle’s Skagit River Project 553 and
in addition, provides 120,000 acre-feet of flood
control storage capacity. While raising High Ross reger-
voir would increase the total storage capacity from
1,435,000 acre-~feet to 3,456,000 acre-feet, the maximum
storage withdrawal under historical low streamflow
conditions would not exceed the present maximum permis-
sible storage withdrawal of 1,052,000 acre-feet. With
the larger reservoir, storage releases would be similar
to those of the existing reservoir.

Since 1953, when the existing Ross reservolr was
filled, the maximum yearly drawdown has varied from
30 feet to 108 feet. A maximum drawdown of 127.5 feet
could have occurred, however, with a repetition of the
lowest streamflow period of record {August 16,1%28 to
February 29, 1932). With Ross reservoir raised to
normal full pool elevation of 1,725.0 feet, equivalent
storage withdrawals would produce yearly drawdowns
varying from 16 feet to 52 feet, with a maximum of 56.2
feet for the driest pericd of record.

nperation of the project works with Ross Lake at
elevation 1,725 feet would be bhasically the same as that
with Ross Lake at elevation 1,602.5 feet. Drawdown and
refill of the reservoir would be governed by a rule
curve based on regulation studies made for hydraulically
coordinated operations of all projects controlled by the
parties to the Pacific Northwest Coordination Agreement,
to which the City of Seattle is a signatory.

Monthly river flow variaticons into Ross Lake
for a typilcal wet year, an average year, and for a
typical dry year are shown in Table 1-3:

The 42.5-month period, August 16, 1928, to
February 29, 1232, was determined by the U.S. Army
Corps of Fngineers in cooperation with BPA to be the
critical period of water supply in the Pacific North-
west. Estimates of firm energy and dependable peaking
capability are based on coperation studies made using
the recorded streamflows for this period. The average
streamflow for the critical period at Ross dam is about
2,400 cfs.
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TABLE 1-3

Monthly River Flow Variations

Vet Year Average Year Dry Year

Month {1921) (1927 (1926)

(CFE) {CF5) {CF5)
January 1,790 1,290 1,250
February 2,570 909 1,22G
March 2,320 1,060 1,460
April 2,740 2,530 3,900
May 8,830 &,130 3,770
June 12,500 11,500 2,870
July 5,790 4,360 1,290
Bugust 2,650 2,140 1,290
September 1,720 2,320 818
Octobher 3,060 3,250 1,980
November 2,840 3,150 1,190
hecember 5,250 2,790 1,710
AVG: cfs 4,422 3,452 1,948
AVG: 1,000 acre~feet 3,202 2,499 1,410

Source: U.&. Geological Survey

Figure 1-11 is a graph showing the Skagit River
inflows to Ross reservolir plotted against percent of
time. This is a 40-year flow duration curve which shows
the relative durations of different rates of discharge.

1.7 MAINTENANCYE

The city of Seattle makes regular systematic
inspections of all project facilities and gchedules
preventative maintenance on project works and generating
eguipment at times when project operations are least
affected. If High Ross is developed, this same
maintenance program would be continued.

Similar maintenance procedures are followed
relative to the existing transmission facilities. The
lines are inspected periodically, and when deficiencies
are found they are corrected. During outages, system
needs can ke met by transfer of project power via
interconnections,

Maintaining the proposed High Ross reservoir
surface clear of floating debris would reguire substantial
effort initially. Thereafter, periodic cleaning would
be necessary to maintain a clear surface.
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1. 211 new recreation facilities within the United

2. States would be maintained by the NPS.

3,

4. 1.8 UNMUISUAL PRORLEMS

AN

6. There is nothing to indicate that unusual

7. problems would be sncountered during construction and

3. operation of proposed High Ross. Foundation rock is

Y. adeguate to support the higher dam and reservoir. Inspection
16, of reserveir slopes has not disclosed any potential land-
11. slide areas. Most of the higher reservoir slopes are rock
12. with localized areas of soil mantle. Vhere soil mantle
13. is present, the depth is relatively shallow. Only minor
14, soil restabilization along the new shoreline would be
15, expected, but the readijustment should not be to a degree
16. which would affect new recreational developments or

—

7. detract in a meaningful way from natural aesthetic values,
i8. The spillway capacity at High Ross dam would be 85,000

19, ofs at normal pool elevation and 140,000 cofs at maximum
240, flood surcharge (the flood of record at the site is 46,000
21, cfg) staff estimates that a flood having a magnitude
22. of 85,000 cofs would have an occurrence interval of 150
23. years. It is estimated that the probakle maximum flood
24. would surcharge Figh Ross reservoilr to an elevation of
25, approximately 1,741.3 feet, 1 foot above the top of the
26, parapet wall., Overtopping flow would be eguivalent to
27. about 4 inches of water for 24 hours and would not
28. advergsely affect the safety of the structure. 2 probable
29. maximum flood would have a recurrence interval greater
30, than 10,000 years. 2pplicant could continue to provide
37, 126,000 acre~-feet of flood storage from December 1

2. to March 15 each year, in accordance with an agreement
33. between the City of Seattle and the U.8. 2Zrmy Corps
24, o©f Engineers and as provided for by 2rticle 36 of the
35. existing license for Project 5533. However, the Corps
3, of Engineers indicated that on the basis of preliminary
37. studies it might be desirable to increase the total
3g. flood control storage space provided at Ross Reservoilr.
36.
40, 1.9 FUTURE PLANS

41.
47, Applicant has made a reconnaissance-type investi-
43, gation of the possibility for expanding hydroelectric

44 . output at High Ross, Diablo, and Gorge resgervoirs as well
45, as constructing a reregulating development to be known
46, as Copper Creek, located on the Skagit River about 10 miles
47. downstream from Newhalem. The investigation considered
48, construction of a second powerhouse in the vicinity of

49, each of the existing plants. Water would be drawn from the
50. existing Gorge and Diablo reservoirs and from proposed
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1 High Ross reservolir. The Copper Creek develcopment

2. would reguire construction of a new dam, powerhouse, and
3. all related facilities. Applicant has not undertaken more
4, definitive follow-up studies to determine the feasibility
5, of any scheme outlined in the reconnaissance reporit. Any,
6. or all, of the considered schemes would be compatible

7. with High Ross.

g . 1.10 COMPLIANCE wWITH APPLICABLL LAWS AND REGULATIONS
1¢.
11. 21l applicable state and federal health and
12, safety standards would be complied with during construc-
13. tion and operation of the proposed High Ross development.
14, The proposed construction would result in a dam structure
15, that would be safe against floods, earthguakes, and
i6. normal operating forces,
17,
18, Applicant has applied for or has received the
19 . following permits:
20,
21, 1. Surface Mining Operating Permit No. 10762 -
20, Issued May 23, 1972, by Whatcom County
23, Issued July 1, 1972, by Washington State
24 . Department of Natural Resources,
25,
26, 2. Ehoreline Development Permit for the Surface
27, Mining of Crane Gravel Bar. Issued
o8, September 25, 1972, by Whatcom County
29,
36, 3. State Flood Control Zone Permit -~ Not regquired
31. (Washington Department of Ecology letter

o Rugust 28, 1972)
33.
34 . 4. Reservoir Permit No. 135 - TIssued by State
35, of Washington - December 11, 1943, Request
36, for extension of effective time now pending
37, . before State Department of Ecology
38,
39. 5. Surface Water Permit Nc. 181 -~ Issued
40. hpril 7, 1921, and No. 13280 - Issued
41. December 17, 1963, Requests for extension
47 . of time for construction now pending
43 . before State Department of Fcology
44,
45 . 6. State Water Quality Certification - An
46, Application, filed on June 18, 1973,
47 . is now pending before the State Depart-
48 . ment of Ecology
49,

50G.
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Z2. DESCRIPTION OF THE EXISTING ENVIRONMENT

2.1 LAND USILS

The land area covered by the existing Ross Lake at
maximum pool elevation is 11,680 acres, 480 acres of which

are in Canada. In Octcber 1968, Congress passed an act
creating the Ross Lake National Recreation Area (RNRA)
which encompasses the project area. Thus, no private lands

are included within the development boundary since all of

the land immediately surrcunding the U.S. porticn of the
reservolr is federally owned and is managed by the Department
of the Interior. Only one commercial development, consisting
of a marina and floating group of cabins near Ross dam, is
located within the development boundary. Mo other commercial
buildings or private dwellings exist in the development area
within the U.S5.

Approximately 60 miles of shoreline encircle the
development in the United States portion of the reservoir.
Several large tracts of federally owned land, administered
by the Intericr and Agriculture Departments, surround the
Ross development. HNorth Cascades National Park (505,000
acres), Lake Chelan National Recreation Area (62,000 acres),
and Reoss Lake National Recreation Area (107,000 acres) are
administered by the Department of the Interior's National
Park Service. The Pasayten Wilderness of 500,000 acres and
Glacier Peak Wilderness of 468,000 acres (Figure 2-1)
are administered by the U.S. Forest Service and are classified
as non-developed acreage. National Forests such as Mount
Baker and Okanogan, alsc managed by the U.5. Forest Service,
include not only recreation but also mining and timber
harvesting as management objectives.

There are 13 campgrounds, managed by the National
Park Service and one commercial cabin and bhoat rental devel-
opment leased by the NPS within the Ross Lake National
Recreation Area and associated with 2Zpplicant’'s development,
Public access to these facilities is by becat, a series of
connecting foot trails, and a short section of roadway
entering from Canada and terminating at the Hozomeen

campground area {(Figure 2-2)}. There are also two
suspension foot bridges located on the trail along the east
side of the reservoir. Recreational sites are listed and

sited on Figure 2-3.

Prior to Octcber 1968, Applicant’'s Ross Reservoilr
was situated within Federal lands administered by the U.S.
Forest Service. Recreation facilities developed around the
reservolr were maintained by the U.S. Forest Service. The
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emphasis was on camping and hiking and very limited access
was provided for boating on the 22-mile long reservoir.

Management of the area which includes the Ross Lake
Naticnal Recreation Area was transferred from the Forest
Service to the NPS for administration and maintenance.

This change of administration and land use policy,

coupled with the opening of the eastern segment of

Highway 20 (North Cascades Highway), has changed the general
trend of develeopment of Ross Lake from one of limited access,
minimal facility development, to a recreation area featuring
increased access and improved facilities. Recreational
facilities which are proposed to be constructed by the
Applicant would be operated and managed by the NPS.

2.2 TRANSPORTATION AND ACCESS

Project recreational facilities are available to
the public from the east and west via Route 20 (North Cascades
Highway). Recent completion of the eastern portion of Route
20 from the vicinity of Ross dam to the small town of Mazama
{est, 1973 population 20) provides a new access route,
previously unavailable, from the south and east sides of
the project. Interstate Highway No. 90 is a major route
between Seattle and Spokane, Washington. Several connecting
highways from Interstate %0 eventually lead to the project.
Highway No. 2 connects Everett, on the west, with Spokane
on the east, and also connects with access routes to the
north providing a cross—state access route to the project.
The primary access corridor stems from the west, and
connects with the coastal cities of Tacoma, Seattle,
Everett, Mt. Vernon, and Bellingham, Washington. Route 20°
interconnects with Interstate Highway No. 5 near Mt. Vernomn,
Washington, west of the project.

There is no public transportation available from
the coastal areas to Newhalem. From Newhalem, the Applicant
provides transportation to the project area through the
"Skagit Tour"™ which allows the general public to visit the
Applicant’s Skagit River developments. The Applicant
provides transportation from Seattle to Newhalem for persons
desiring to take the tour. For persons other than those
participating in Applicant’s tour, a private vehicle is the
only means of reaching the project area. Members of Appli-
cant’s tour and others wanting to visit the Ross development
can travel to the Ross powerhouse on Applicant's tour-
boats or tugboats which leave from Diablo reservoir. A
steep gravel road extends from the powerhouse to Ross Lake
and is intended for use as a proiect service road. However,
the Ross Lake resort operator provides transportation for
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fishermen over the road by a truck. This gervice is available
to the public for a nominal fee. Other transportation
facilities in the region include an dmtrak line that serves
the Mount Vernon-Burlington area and small airports in

Sedro VWoolley, Darrington, Mount Vernon and Concrete which
provide acgcess for small, private aircraft. Transportation
corridors and principal cities are shown in Pigure 2-4.

2.3 TRANSMISSION LINES

Transmission line facilities consist of two existing
230 kv lines on a single set of towers, extending from Ross
powerhouse to Diablo switchyard and one existing 26 kv line
extending from Rogs powerhouse to the Ross Substation, thence
to Diaklo. The 26 kv line is a station service tie line
between Rosgs and Diablo powerhouses for the purpose of
station reliability. The 230 kv lines interconnect with
Applicant's primary transmission system at the Diablo
switchyard,

2.4 TOPCOGRAPIY, PFYSICGRAPHY AND GEOLOGY

Rosg dam is located on the Skagit River in the HNorthern
Cascade Mountains of Washington, about 20 miles south of the
Canadian Border. The HNorthern Cascades in the vicinity of
Ross dam are characterized by sharp, jagged peaks and steep
canyons which show the effects of alpine glaciation (see
Figure 2-5). Within the Ross dam and the Skagit Peak U.S.G.S5.
gquadrangles, relief is greater than 5,000 feet. 2 striking
feature of the Skagit River Valley, particularly downstream
from Ress dam, is the abundance of large rock masses that
aprear to be nearly detached from the canyon walls along
steep joints., These rock masses, where locally undercut by
the Skagit River, tend to develop rock slides. The slopes
above Ross Reservolr, however, are stable and not prone
to sliding.

There are a number of low-level glacially carved
valleys in the Northern Cascades. Big Beaver Valley, west
of Ross Reservoilr is one such example. The floor of Big
Beaver Valley is gently sloping, and the existing soils
and organics have reached a point of gtabilization. Water
courses through the valley meander due to the flatness of
the valley floor.

Although most of the Cascade Range in Oregon and
Washington is underlain by andesite, basalt and associated
pyroclastic rocks, the Northern Cascades comprise mainly
pre-tertiary intrusive, sedimentary and metamorphic
rocks (Figure Z-6). The rock underlving Ross dam ig the
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Custer {(or Sfkagit) Gneisgs. It ig the oldest known rock

unit in the area, (retacecus and older in age. ‘The Custer
Gneigs 1s exposed for about 4 miles north of the dam along
Ross Lake. Custer Cneiss is basically a guartz-bioctite-
gneiss containing scattered aplite and amphibolite dikes.
The Custer Gneiss is generally characterized by alternating
light and dark bands which give the rock a gray color. The
light bands are composed of guartz and feldspar and the dark
bands contain bictite and hornblende.

The Hozomeen Group (Cretacecus) forms the canvon walls
along much of the lake from about Devils Creek to the Silver
Creek area, Tt consists of siightly metamorphosed mafic
lavas {greenstones) with subordinate chert, phyllite, argillite
and mafic intrusives.

The remainder of the rocks in the Ross Lake area are
referred to as the Lower Tertiary Skagit Volcanics and the
Tertiary Chilliwack composite batholith which comprises
grancdiorites, diorites, and related rocks.

The rock at the damsite 1s cut by a system of doints
which can be classified into primary, secondary, and tertiary
systems. The primary or regional Jjoint system siyikes
generally N 40 degrees E and dips 65 to 70 degrees northwest.
The secondary system strikes N 60 degrees W and dips approxi-
mately 45 to 60 degrees northeast. The tertiary system
strikes between N 30 degrees and N 75 degrees E and dips
approximately 30 degrees southeast. Gouge-filled shear
zones are found in association with some of the primary
Joints.

The core of the Olympic Mcuntains, the Cascade Range,
and the Okanogan Highlands {(northeastern Washington) is
highly unfavorable from the standpoint of hydrocarbon
potential because of the rock types that occur. Because of
the cover of volcanic rocks that mask the sedimentary strata,
the Columbia Plateau in southeastern Washington is very
difficult to assess for c©il and gas potenital. Over 49
wells have been drilled in this area, but only an estimated
70-500 mcf of natural gas were found even at the best field,
the Rattlesnake Hills. No oil has been found east of the
Cascade Range in Washington. The best hydrocarbon potential
is located west of the Cascades in the Puget lowlands,
Willapa Hills, and the coastal and offshore zone.

The mineral rescurces of the North Cascades Park-
Ross-Lake Pasayten Vilderness areas have heen surveyved by
the U.5.G.5. {30) and Bureau of Mines (31). Numerocus deposits
of copper, molybdenum, and several of gold occur in the
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1. northern part of the North Cascade Mountains. Several
2, hundred lode and placer claims in the general prolect area
2, have been recorded. No ore, however, has ever been shipped
4. from any mining property in the park area west of Ross Lake,
5, and mineral production to the east has been small and
6, limited to only a few areas.
7.
8. Survey teams have found only twe "showings” west of
o9, Ross Lake rich encugh in mineral content for commercial
10. production. One was about 1.5 miles west of Ross Lake
11. along Silver Creek. 2 zone measuring 200 by 240 feet
12, contains iron, copper, and molybdenum sulfides. While the
13. mineral concentration within this zone is rich enough to
14, be mined on the basis of metal content, total reserves are

15. insufficient to economically justify exploitation, since

1¢. the cost of mining would be over twice the value of the

17. mineralized material. In addition, its location within

18. the National Park boundary would precliude its development.
19, Detectable guantities of various minerals were found in

20, most tributaries to Ross Lake.

21.

27, About 149,700 ocunces of gold valued at over $4

23, million {4€) have been recovered from the Slate Creek-

24, Azurite mining district which lies several miles east of

25 rRoss Lake. Ruby Creek at the southeast end of Ross Lake

2¢. drains the Slate Creek-Azurite district, and gold has been
-7, recovered from placers along the stream as far west as

2g. the part now flooded by Ruby Arm of Ross Lake. The district
29, also produced somewhat less than 10,000 ounces of silver and
3y, Lless than 10,000 pounds of zinc and lead.

31.
- Non-metallic minerals which ocour farther down the

in

33. Skagit Valley (some of which have been utilized in the past)
74, include graphite, limestone, mica, pumice, and silica.

35,

36. The site of Ross dam and its reservoir is considered
37. to be in zones 1 through 3, outside the most active seismic
38, zones of western Washington (9), but earthqguakes are

39. not uncommon. Rasmussen {23) has characterized the Ross
40, dam area as being within a generalized intensity zone which
41. has sustained minor damage in the past. Hozomeen Mountain,
42. immediately adjacent to the east side of Ross Lake, was the
43, location of an earthguake of unrecorded intensity in 1960.
44 . Diablo dam was the site of an intensity IV earthguake in
45, 1958, Marblemount experienced an intensity IV earthguake
46, in 1946, In 1935 and 1937, the town of Darrington, about
47. 40 miles southwest of Ross dam was the location of

48, minor shocks. Other small earthguakes have been recorded
49. in adjacent regions in the more distant past. For

50, damage potential of various earthguake intensities sce
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Table 2-1.

Although some faults have occurred in the geologic
past in the Ross area, no surface faults have developed as
a resulit of any historically recorded sarthguakes in
western Washington {25). Because of the general lack of
planes of weakness in the igneocus and metamorphic rocks
in the area along which shearing would occur, maior land-
slides should not develop.

Mt. Baker volcano, which has an active gas vent,
towers approximately 5,000 feet above the lower elevations
of the surrounding North Cascade Range and about 106,000
feet above the Skagit River Valley 17 miles to the south.
Roughly one fourth of this 80 sguare mile andesite cone
is covered by glaciers. Some of Mt. Baker's flows were
evidently guite fluid compared to those of the other large
volcanoes in Washington, the longest one having extended
about 10 miles down Sulphur Creek to its confluence with
the Baker River, which is tributary to the Skagit River
near the town of Concrete, Normal explosions and
eruptions, primarily from the central crater, were
recorded in 1843, 1854, 1858, 1859, and 1870 (8).

Any renewed volcanic activity from Mt. Baker could
have an impact on lands in the Ross dam project ares;
however, the conseguences of moest of these progesses
should be confined to areas farther down the Skagit Valley
or in the HNooksack River Drainage basin to the north of
Mt. Raker. 2sh fall, because of the prevailing west winds,
however, could affect the Ross dam area by hindering
visibility, clogging streams with silt, blocking roads,
killing vegetation and fish, and by secondary effects
including mud and debris flows and flocding (9}.

2.5 S0OLILE

Specific details concerning the composition of
soils in the project area are unavailable.

The University of Washington (UW) Study Teamn
described the parent soil materials as being extremely
variable. Because of extensive glaciation, the soils
derived from the wvarious glacial materials differ
widely depending on whether they developed from indurated
+111, loose outwash, morrainal materials or fine textured
lacustrine deposits. Lithoscols and rocklands are common
on steep slopes.
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INTENSITY SCALE OF 1933

s

i1,

TI1.

v,

7

VI,

T

{ABRIDGED)

Mot felt except by a very few
under specially favorable
circumstances. {1 Rossi-
Ferel Scale.}

Felt only by a few persons at
rest, especially on upper
floors of buildings.
Delicately suspended objects
may swing. (I to Il Rossi-
Forel Scale.)

Felt guite noticeably indoors,
especially on upper floors
of buildings, but many people
do not recognize it as an
ecarthgquake. Standing motor-
cars may rock slightly,

Vibration like passing of truck.

Duration estimated, (111
Rossi-Forel Scale,)

During the day felt indoors by
many , outdoors by few. At
night some awakened. Dishes,
windows, doors disturhed;
walls make creaking sound.
Sensation like heavy truck
striking building. Standing
motorcars rocked noticeably.
{IV to V Rossi-Forel Scale.)

Felt by mearly everyone, many

awakened, some dishes, windows,

etc,, broken; z few instances
of cracked plaster; unstable
objects overturned, Dis-
turbances of trees, poles,
and other tall objects
sometimes noticed. Pen-

dulum clocks may stop. [V
to VI Rossi-Ferel Scale.;

Felt by all, many frightened
and run outdoors. Scme heavy
furniture moved; a few
instances of fallen plaster
o1 damaged chimneys. Damage
siight. (VI to VII1 Rossi-
Forel Scale.)

Everybody runs outdoors.
Damage negligible in
buildings of good design
and construction; slight to
moderate in well-built

VIIT.

IX.

X1,

iIT.

Source:

ordinary structures; considerable
in poorly built or badly designed
structures; some chimneys broken.
boticed by persons driving motor-
cars. (VII] Rossi-Forel Scale.)

Damage slight in specially designed
structures; considerable in ordinary
substantial buildings with partial
collapse; great in poorly built
structures. Panel walls thrown out
of frame structures.
factory stacks, columns, monuments,
walls. Heavy furniture overturned.
Sand and mud ejected in small
amounts. Changes in weil water.
Persons driving motorcars disturbed.
(¥I1ll+ to IX--Rossi-Forel Scale.)

Damage considerable in specially
designed structures; well-designed
frame structures thrown out of plumb;
great in substantial buildings, with
partial collapse. Buildings shifted
off foundations. Ground cracked
conspicuously. [IX+ Rossi-Forel
Scale )

Some well-built wooden structures
destroyed; mest masonyy and frame
structures destroyed with founda-
tions; ground badly cracked. Raills
bent. Landslides comsiderable from
riverbanks and steep slopes. Shifted
sand and mud. Water splashed (slopped)
over banks. (X Rossi-Forel Scale.)

Few, if any, [masonry) siructures
remain standing. Bridges destroyed.
Broad fissures in ground. Under-
ground pipelines completely out of
service. Earth slumps and land slips
in soft ground. Rails bent greatly.

Damage total. Waves seen on ground
surfaces. Lines of sight and level
distorted. Objects thrown upward
into air.

Eppley, R. A., Earthgquake History
of the U.§, - Part I, Stronger
Earthguakes of the U.5., U.S.
Department of Commerce - Environ-—

mental Science Service Administration

Coast and Geodetic Survey, 1965,

Fall of chimneys,
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Although soil maps for the basin have not been
prepared, information from the UW reports suggests that
broad soil groups such as podzols, brown podzol, and
lithosols are present along with other less abundant groups
scattered throughout the area.

2.6 BIOTIC COMMUNITIES

Ross Lake Fbasin lies in the Tsuga heterophylla zone
{55} which is the most extensive vegetation zone in
western Washington and Oregon. This zone generally has
a wet, mild, maritime climate. However, climati¢ varia-~
rtions, as the result of latitude, elevation, and location
in relation to mountain ranges and peaks, account, in
part, for the overlap of vegetative types in the upper
Skagit Valley. Douglas fir, western hemlock, and western
redcedar are the dominant species of this vegetation zone
but climatic influences, particularly precipitation, have
altered this vegetative grouping in the upper Skagit
Valley. BSpecies representative of both the moist coastal

and dry interior forests are found in this region. Precipi-
tation is reduced in the basin by mountain ranges to the
west., Hence, slopes to the west of Ross Lake have more

coastal characteristics with some continental elements,
while slopes to the east exhibit more continental influences.,

hemlock, and western redcedar, dominate the plant communities
covering the Ross Lake basin. These communities have been
identified as being both climax and subclimax forests.
Development of these various plant asscciations was
influenced by a series of extensive fires that altered the
landscape approximately 160 vears ago and by another major
fire that swept the area from Big Beaver Valley to the
Canadian border in the late 1920's. DBecause there has

never been loggilng in the U.S. portiocn of the basin, fire

and leocal climatic factors are assumed to be the chief forces
controlling the biotic eveolution of the Ross Lake basin.
Following thése major disturbances and depending on various
site factors such as scil moisture and scoil depth, the

lake basin supported pioneer speclesgs which over time

have or will be replaced by other plants to form one ox
several climax communities.

Principal timber species composing these plant
communities include the following:

Lodgepole pine {(Pinus contorta)
Douglas~fir (Pseudotsuga menziesil)
YWestern hemlock (Tsuga heterophylla;
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Viestern redcedar (Thuja plicata)
Western white pine (Pinus monticoela)
Grand fir {aAbies grandis)

Pacific silver fir {(Abies amabilis)
Ponderosa pine {(Pinus ponderosa)
Paper birch (Betula papyrifera)

Red alder {Alnus rubra)

Division of the basin flora into plant communities
was a part of extensive investigations conducted by the
Institute of Forest Products, College of Forest Resources,
University of Washington - in cooperation with the City of
Seattle, Department of Lighting, and the State of Washington,
Department of Game, under contract with the Applicant.
Reports were prepared for Januaryv-December 1971, and
January-December 197Z. Specifically, the study focused on
those communities that occupy positions below and immediately
above the proposed maximum reservoir level. The gensral
description of the present and past floral characteristics
of the basin are hased primarily on these studies.

The UW survey report published for 1971 divides
the flora into eight broad types based on random sampling
plots in preselected forest stands. Also, additional data
on smaller plant specimens were gathered from microplots
sampled within the larger macroplots., These broad
categories, with the exception of the rock outcrop type,
are elither intermediate or climax communities,

The plant types described by the UW and discussed
below are as follows:

Hardwood

bouglas-fir - immature and old-growth

brush

lodgepole pine

rock ocutcrop

hemlock

Douglas—fir climax

high elevation types-2bies lasiocarpa and
subalpine.

The hardwood type generally is a seral {intermediate)
stage although it may form a physicgraphic climax on
avalanche chutes. Cherry, willows, cascara, birch, red
alder, and big leaf maple are the chief species. One stand
of aspen (Populus tremuloices), less than one acre, is
located near Ceocugar Island.
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] The Deouglas fir type, subdivided into immature

2 and old-growth stands, generally is considered a seral

3. stage depending on site factors. Stands of young even-

4 aged Douglas fir occcur as the result cof disturbances,

5. primarily fire, available seed supply, and abundance

g of desirable sites. Old-growth stands consist of large

7 trees, a closed canopy, and a mixture of Douglar fir,

western redeoedar, white pine, and western hemlocks. On
9: good quality sites, western hemlock often represents the

10, Climax vegetation.

L2, Following fire, some sites have supported a cover

13. of brush composed of willow, cherry, vine maple, and

14, mountain maple. Douglas fir is beginning to dominate

15, some of these brush type areas.

16,

17. At lower elevations on dry sites, dense stands of

18. lodgepole pine have developed following fires. Representing

19, a seral stage, Douglas fir will eventually form the climax
Z80. stage.

21.
22 The rock outcrop type 1s rock often supporting mats
23, of moss and sometimes herbs and ferns. These sites may

24, have a very shallow laver of soil but will support forests
25, subseguent to the scoil developing processes over a long
26, period of time.

28, Western hemlock, a major ¢limax species, is
29, asscociated with western redcedar, Douglas fir, and Pacific
30. silver fir. At lower elevations and relatively dry sites,
31. western hemlock is the dominant species in the overstory.
2. On wet sites, for example in Big Beaver Valley, western
33, redcedar forms the dominant species in the overstory.

34, Hemlock generally will not tolerate a high water table.
35. As a result, the western redcedar dominates the bog and
36. swamp sites. However, on drier siteg hemlock reproduces
37. better than the less shade tolerant western redcedar.
38, 2t higher elevations, Pacific silver fir is the primary
1%. associate of the hemlock.
440,

41, Shallow scils, typically dry and rocky, support

2. open stands of mature Douglas fir. Lodgepole pine and
43, ponderosa pine are occassionally associated species. Soil
44. and topography are the chief factors resulting in the
45, permanence of this climax type.
46.
47, In brief, two vegetatlion types above 3,000 feet, the
48. 2Abies lasiocarpa and subalpine, are found in the Ross Lake
49, basin. The former type, consisting of dense stands of

50. subalpine fir intermixed with varving numbers of mountain
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hemlock (Tsuga mertensiana), Fngelmann spruce (Picea
engelmannii), white pine (Pinus monticola), whitebark pine
(Pinus albicaulis), mountalin ash (Sorbus sitchensis),
willow, and occasionally Douglas fir. Above 5,000 feet
the type gradates into subalpine meadow communities, This
latter type, above 5,000 feet, comprises subalpine

meadows and small clumps of subalpine fir.

In general, the rocky cutcrops are covered with
lodgepole pine and scattered Douglas-fir. Western hemlock,
western redcedar, western white pine, and Douglas-fir are
the dominant species on the more humid western slopes and
valleys of the Lake while the eastern side, being less
humid and more exposed, favors communities dominated by
Douglas~fir with scattered stands of grand fir and Pacific
silver fir. Scattered sites, usually as the result of
fire, support various species of hardwoods. Plant species
are listed in Appendix L.

2.7 WILDLIFE

The Institute of Forest Products, College
of Forest Resources, of the University of Washington
(UW}, began Blotic surveys of the Ross Basin in 1971
in cooperation with the Applicant and the Washington
Department of Game. Two UW reports for the pericds,
January to December 1971, and January to December 1972, are
the major sources of information for the following discus-
sion.

A diversity of wildlife species exists in Ross

Basin. The more common species include deer (blacktailed
deer, mule deer, and hybrids of the two subspecies),
chickaree squirrels, beaver, bobcat, and numercus gpecies
of passerine birds. Black bear and cougar, species which
do not form dense populations anywhere in the wild, are
well represented. A complete list of vertebrate species
known to occupy the Ross Basin is given in the Appendix.

Varied fauna are characteristic of and dependent
upon a diversity of plant communities which are the major
components of habitat types. The UW team identified
eight plant communities in the Ross Basin (Figure 2-7).
Each plant community provides the habitat needed by certain
wildlife species, {although some species range over more
than one plant community in order to find their reguire-
ments). Examples in the Ross Basin include the old-growth
Douglas-£fir community as habitat for blue grouse and
chickaree sguirrels, the brush community as habitat for
deer and ruffed grouse, and the hardwood community (in
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the lowliands) as habitat for beaver and corange-crowned
warblers.

By knowing habitat recuirements of wildlife, it
is possible to examine the vegetation classification map
{Figure 2-7) and predict reasonably accurately where
certain animal species are found during certain seasons.
Therefore, the map that depicts plant communities also
yvields information as to animal diversity and distribution
in the Ross Basin,

Plant succession {(the eventual replacement of one
plant community by another) 1s bringing about a change in
the wildlife populationg of Ross Basin., For example, in
the brush-type plant communities, herbs, sghrubs, and
seedlings provide especially good habitat for ground-dwelling
mammals such as deer and hares. In the Douglas-firx
communities which replace the prush-type communities,
gonditions favor arboreal mammals and birds such as blue
grouse which can thrive on an almost exclusive winter diet
of conifer needles. An understanding of the biotic
communities in Ross Basin is dependent upon an awareness
of ecclogical succession.

Wildlife diversity in the Ross Basin is also
influenced by its geographic setting. The Skagit Valley
is within a zone, called an ecotone, that 1s transitional
between the relatively moist coastal region, characterized
by Douglas fir forests, and the relatively dry interior
regicn, characterized by scattered stands of pines and
true firs. This merging of climatic and vegetational zones,
each with its representative wildlife species, results in an
increase in animal diversity. For example, blacktailed deer
of the coastal forests, mule deer of the drier interior area,
and hybrid offspring of these two sub-species all occcur
within the Skagit Valley ecotone; in the heart of either
the coastal zone or the interior zone only one of these
sub-species occurs. The UW investigators reported that
hybrids of small mammals such as mice and shrews are also
rather common in the Ross Basin.

The UW team studied the distribution and abundance
of deer by observing them directly; by trapping, marking,
releasing, and re-sighting them; by counting deer pellet
groups; and by measuring use of browse plants. Inferences
about distribution were also made from knowledge that the
influx of mule deer is from the north and east, and the
influx of blacktailed deer 1s from the south and west.
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The UW investigators estimated deer numbers in
the Ross Basin at 400 to 600 in 1971 and 250 in 1972. The
team stated that most deer around the lakeshore are hybrids
showing obvious blacktaill characteristics and that these
deer are year-round residents of that vicinity.

Deer winter ranges as identified by the UW team
are shown in Figure 2-7a. The Washington Department of
Game, in its response to the draft environmental statement,
identified Roland Peint, Cougar Island, and the shoreline
hillside behind Cougar Island as areas that should be
considered major instead of minor ranges as shown on the
map. ‘The Department of Game also believes Rainbow Point
is an important deer winter range.

Deer in Ross Basin are scattered and have ample
food and cover during late spring, summer, and fall. But
during winter, snow resiricts their movements and they
concentrate to some extent near Ross Lake. Winter is the
season when food is in shortest supply and when deer die
in the greatest numbers. The terms pinch period and
carrying capacity, as used in wildlife management, can
be used to describe effects of winter on deer in Ross
Basin because winter is a critical time (pinch period) for
deer and the quality and extent {(carrying capacity} of the
winter range are key factors in determining the population
level.

Some deer which spend part of the year in the U.S.
spend early spring on meadows near the end of Ross Lake

in Canada. Whereas good spring habitat is usually not as
critical to deer as winter habitat, it is still less
available than summer and fall habitat. Deer are browsers

during most of the yvear, but they graze extensively in
meadows during the early spring, and turn readily to
grasgs, a good source of proteln after a winter of feeding
on woody vegetation.

The 1971 UW Biotic Survey report indicates that the
black bear is the second most numerous large mammal in the
Rosg PBasin. The main concentrations of bears along the
lakeshore were near campgrounds and in avalanche chutes,
although bears apparently do not use the lakeshore any

. more or less than other parts of their range.

The third most abundant large mammal in the Ross
Basin is the mountain goat, estimated at 25 to 50 animals
by UW investigators. Mountain goats occur on both sides

. of the Ross Basin, but in such low numbers that they

probably are not important to other animals as sources of



CANADA ‘2—27

HEA

Fraoz9ouw! Bazis
by ar Gr

Lightning
Crask

Lirtig  Bacvar Craak

Dry Cresy
Poim

gma Cr . \
Ten Milg
L/ s

Devil's Cr

Reinbow PL

0 Pumpkin May Cr

Mtn

ROSS LAKE
SCALE: |in= 2 mi

A i k .“. - R
- Magjor Range 5 H:.«b:’- Pasrurs
[ Minor Range Rass  Dam Ruby &rem

-

C_7a. DEER WINTER RANGES




2-28

food, nor as competitors for food.

The UW investigators estimate that fewer than 10
zlk ocour in the Ross Basgin area within the United States.
These 2lk could be of the Rocky Mountain subspecies which
inhakits a large reglon to the esast including eastern
Washington and British Columbia, or they could be of the
Roosevelt subspecies from the western forests., The relation-
ship between Rocky Mountain elk and Roosevelt elk is analogous
to the relationship between blacktailed deer and mule deer,

-3 O U s L R

oo

At

The UW study team, usging helicopters, made a survey
. of the beaver population in Big Beaver Valley in the late
summer and fall of 1971 and estimated a population of 35
beavers. Evidence of beaver in the Lightning Cresek

1¢, drainage was observed in 1972, but 1t was not determined
17. whether a permanent colony was established there,

e T
L s o B R O

19. Birds far outnumber, both in species and individuals,
20, other vertebrates in the Ross Basin; the UW team reported
21. observing 132 bird species. Traill's flvycatchers, chestnut-
22, backed chickadees, and orange-crowned warblers occupy

23, the lowland habitats. The most common upland game bird

Z24. in the area is the ruffed grouse. {The designation

25, upland game bird is somewhat misleading in this case

26, because the UW team reported finding most of the ruffed

27. grouse in lowland habitat near Ross Lake.)

29, A variety of water bilrds (such as herons and grebes)
10, and waterfowl {(ducks, geese, and swans) freguent Ross Lake,
31, but none of these species is abundant therse. Ross Lake

2. does not support the abundance of aguatic vegetation and
33, invertebrates that constitute a rich food source for
34, waterfowl and it has few shallow areas which are essential
35, feedling areas for wading birds and dabbling ducks.

37. Little information is available on the amphibians
3g, and reptiles cf Ross Basin. The UW study team took notes
3. on these animals during the course of their field work,.

40,

41. 2.8 FISHERIES

47

43, A list of the species of fish found in the Ross
44. Lake basin is given in Appendix D. Recent studies of the

45, status of the fisheries resgources of the Ross Basin

46, were conducted by the International Skagit-Ross Fishery
47. Committee. Participating agencies in the committee

4%, included:
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British Columbia Fish and Wildlife Branch
Bureau of Sport Fisheriles and Wildlife

{Department of the Interior)
., F. Slaney and Company {(Consultants}
"isheries Research Institute, University of Washington
National Park Bervice {(Department of the Interior)
Washington Department of Game

Field studies on Boss Lake and its tributaries were
conducted by the Committee during 1971 and 1972. & copy of
Vvolumes I and 11, describing its 1871 and 1972 fisheries
investigations, have heen made available to Commisgion Staff
and coples are available for review in the offices of the
Applicant.

Detailed studies of the Ross Lake fishery resources
were made in this investivation and wvoluminous data are
becoming available for examination, It is assumed that
the factual material in the committee report are the most
current available data on the Ross Lake fishery resource.
The committee report and comments on the DEIS are the major
sources of the following description of the Ross Lake
fishery resources.

Ross Lake and its tributaries contain populations
of rainbow trout, cutthroat trout, brocok trout, and dolly
varden char. These species reproduce in streams tributary
to the lake and in the lake itself at the mouth of streams
or in areas of the lake where there is seepage inflow
through gravel. Rainbow trout spawning areas which were
identified include the Skagit River above Ross Lake,
lower Lightning Creek, Ruby Creek, Canyon Creek, Dry
Creek, Roland Creek, and the lake shore in the immediate
vicinity of the mouths of Ruby, Lightning, and Roland
Creeks. Other shoreline sections which may also provide
trout spawning areas are found near the inlets of Pilerce,
Devils, Skymo, Little Beaver, International, Silver, and
Hozomeen {reeks. Ripe cutthroat trout were observed off
the mouth of Big Beaver Creek and might have spawned in
that location.

The Ross Lake rainbow troul population is self
sustaining from natural production and has not been
supplemented with hatchery fish in recent years. For this
reason, the fishery ig considered of special value since
it provides a fishing experience for native stock trout
and also provides a major fishery without the expense of
a hatchery., In addition to the Ross Lake rainbow trout
population, there are populations of resident rainbow
trout in many of the tributary streams. Spawning areas
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of rainbow trout in Big Beaver Creek were not identified
during stream surveys. Self supporting stocks of cut~
throat trout reside in ponds adjacent to Big Beaver
Creek and these fish could spawn in the main Creek or
its tributaries,

A waterfall located at the mouth of Big Beaver Cresk
prevents fish from entering that tributary from about
November to mid-May. The rising lake level in the spring
inundates the falls and permits fish passage throughout the
remainder of the vyear. Little Beaver Creek and Devils
Creek are probably not used for spawning by trout from
Ross Lake. The most important spawning tributary streams
for Ross Lake trout on the U.8. side of the international
boundary are Ruby Creek and its tributary Canyon Creek and
the lower 1/4 mile of Lightning Creek. In the Canadian
section of the Roess basin the most important trout spawning
area 1is the main stem of the Skagit River. There are
tributary streams to the Skagit River which are also used
by trout for spawning and rearing.

Dolly varden char were observed in Ruby (Creek
and its tributary Canyon Creek, Lightning Creek and Big
Beaver Creek by the study team during the fall of 1971
and 1972. Eastern Brook trout and Dolly Varden char
were also observed in spawning areas of the Skagilt River
above Ross Lake in the fall months.

The 1971 and 1972 field studies indicate that the
peak of rainbow trout spawning cccurs from mid-May to
mid-~July. The approximate spawning and hatching times of
rainbow trout in the U.S. tributaries to Ross Lake are
shown graphically in Figure 2-~8. The method of determining
the time of spawning is based in part on the use of tempera-~
ture units. A temperature unit (TU) represents one degree
Fahrenheit above 32°F for one day (24 hours}; thus, a
temperature of 40° for one day would represent eight tempera-
ture units.

The spawning time of cutthreoat trout and Dolly
Varden in the Ross basin was not as well defined as rainbow
trout, but normally that cutthroat spawn in the spring
months and Dolly Varden in the late fall. Observations
in the Canadian Section of the Skagit River by the
study team indicated the peak of char spawning takes
place in early November.

Age, growth, and fecundity studies of rainbow trout
in Ross Lake were also conducted by the Committee. Filgures
2-9 and 2-10 show the length-weight relationship and the
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mean calculated lengths of the 1971 samples. Egg counts
were made on 44 rainbow trout. The fecundity is depicted
in Figure 2-11.

The sport fishery for trout in Ross Lake is regulated
by the Washington Department of Game (Figure 2-12).
Changes in fishing regulations can cccur from vear to
year. The 1971 report by the Ross Committee quotes the
closed waters for that vear as follows: "Big Beaver and
its entire drainage above closed water markers on Ross Lake;
Devils Creek from closed water markers in Ross Lake for
one mile upstream; Lightning Creek from closed water markers
in Ross Lake for one mile upstream; Ruby Creek from closged
water markers in Ross Lake to Crater Creek.” The 1971 open
gseason for trout fishing extended from June 19 to October 31
and the catch limit for trout was "Not to exceed six pounds
and one fish; provided the numbers taken do not exceed 12
fish."

Creel data from 1941 through 1970 are included in
Table 2-2. 1In describing these data, the Committee report
points out that the daily catch limits were reduced twice
over this period (1952 and 1961). The report further
contains the feollowing reference to the table. "Features
of the catch data--ag well as conclusions drawn from them,
must be qualified in that the manner and frequency with
which they were collected was not necessarily consistent
from one year to another, cr systematic for any single vear.
They were for the most part collected during, and are
representative of, intensive use periods (e.g. weekends,
helidays, etc.).” BAccess to the south end of Ross Lake,
where there is no highway access, is more difficult than
entry to the north end where there is a good access road.
Creel census data from the south end of the lake is
probably more accurate, however, since nearly all anglers
leave from the resort near the dam where a more complete
gample of the catch can be taken.

The total estimated catch of legal sized trout from
Ross Lake and the Skagit River above Rogs in 1971 was
40,578. ©Of this total, an estimated 7,789 fish were taken
by anglers entering Ross Lake from the south and 28,763
were caught by fishermen entering from the north. The
1971 Skagit River {Canada) total catch was estimated to
be 4,026 fish. The 1972 creel census data collected by
the study team indicates a total sport fishery catch of
41,441 fish.

Population studies of legal-sized rainbow trout were
undertaken by the Committee in 1971 using methods of tagging
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TABLE 2-2

CREEL CHECK DATA FOR YEARS 1941 THROUGH 1970 FROM ROSS LAKE

Recorded Catch

Number of Fastern , Dolly . .. - Cotch Per
Year | Anzlers Checked {Rainbow | Cutthroat| Brook | Varden | Total Angler Day
1941 14 212 . 212 15.1
1944 12 144 3 147 12.2
1950 364 2213 769 6 159 | 3147 8.6
1951 160 1371 2 36 | 1409 8.8
1952 243 1144 46 68 | 1260 5.2
1953 165 735 58 12 | 807 5.0
1954 277 1413 55 6 27 | s01 5.4
| 1955 261 964 40 26 1 49 11099 | 4.2
1956 218 642 38 42 65 | 837 3.8
1957 64 222 -39 24 | 293 4.6
1958 70 323 4 19 348 5.0
1959 290 1933 26 | 1959 6.7
1940 585 2452 4 40 | 84 | 2580 4.4
1961 675 2248 171 212 | 2479 3.7
1942 907 4324 81 107 | 4526 5.0
1963 434 2593 1 2599 5.4
11964 42 87 3 31 93 2.2
1965 162 515 515 3.2
1966 458 1928 63 6 | 1997 4.4
1967 336 940 1 7 4 1 952 2.8
1963 520 1392 4 | 139 2.6
1969 364 751 6 8 | 745 2.1
1970 717 2593 5 17 | 2615 3.6
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and angler recovery. The population estimates varied
throughout the season and would be expected to vary annually.
The estimate of the 1971 Ross Lake rainbow trout population
ig 146,352, with a 95% confidence interval of 120,263 to
186,898. The 1972 population estimate is 206,185 rainbow
with a 95% confidence interval of 174,353 to 252,237.
Interpretation of the results of the studies and of the

trout population size could vary among analysts. Other
population estimates using other methods would be possible.

In the Skagit River downstream from Gorge dam, several
species of anadromous and resident fish are found. Chinook,
pink and c¢hum salmon and steelhead trout spawn, and their
progeny spend early stages of development in the mainstem
of the Skagit River before migrating to sea at the smolt
stage. Coho salmon spawn in the tributary streams and
complete their freshwater period of life in the Skagit River
before migrating to gea. Chinook, pink, chum and coho
salmon spawn in the fall of the year and steelhead spawn
in late spring. In addition to anadromous fish there are
several species of resident fish, including rainbow trout,
which are part ¢f the valuable fishery rescurces of the
Skagit River.

2.9 UNIGUE BIOTIC REEQURCES

Ross basin, which lies west of the Cascade crest,
containg vegetation typically found to the west of the
crest mixed with some species commonly found to the east.
This influence is most evident on the east side of Ross
Lake, where wet, western siope forest gradates to dry, eastern
slope forest. For example, Pondercsa pine, lodge pole pine,
subalpine fir, and Engelmann spruce, associated primarily
with ecosystems east of the crest, are found on slicpes
east of Ross Lake.

Big Beaver Valley (Figure 2-13) according to
the U.S. Forest Service, contains an ecosystem of value
for future education and research. The Pacific Northwest
Natural Area Committee, a federal inter-agency grcup that

was concerned with indentifying and protecting Research

Natural Areas on Federal lands, of which Forest Service
personnel were participating members, searched for

western redcedar (Thuja plicata} stands intermixed with
associated plant communities in a major valley bottom. A
community mosaic fulfilling the pertinent requirements,

those being (1) substantial old-growth stands of western
redcedar, (2) other conifercus forests, (3) riparian

hardwood forest, and (4) aguatic and semi-aquatic communities,
was determined to be a suitable example for a Research
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Natural Area. This particular grouping of plant communities,
{not the communities studied individually) is of keen
interest to ecologists for its educational and research
values. Western redcedar groves of similar size and

age class exist elsewhere in the Cascades but not as a

part of this particular valley bottom community mosaic.

Big Beaver Valley appeared to be the most complete ecosystenm
of this type in existence but was excluded from consideration
as a designated Research Natural Area because of the High
Ross proposal,

The old-growth western redcedar in Big Beaver Valley
has aesthetic value in addition to research values but as
a species 1t 1s duplicated in other parts of the Cascade
Range. Being extremelvy long-lived, it occupies both
intermediate and climax stages in plant succession. Western
hemlock, depending on site factors, such asg soil depth,
and soil meisture, will eventually assume dominance in the
climax stage. Although western redcedar is very susceptible
to pathological agents after several hundred years and
generally requires open, exposed areas for successful
reproduction, longevity and limiting site facters insure
its position as a climax species in many locations.

Applicant has identified areas in Canada below
and above 1,725 feet where the rare plant type Rhododendron
macrophyllum occurs. The Canadian portion of the Skagilt
Valley contains a stand of Ponderosa pine which is an
unusual example of the transitional character of the
plant communities in the Skagit Valley. Ponderosa pine
is commonly found in the drier regions east of the
Cascade crest but due to c¢limatic and soil factors occurs
on slopes east of Ross Lake.

2.10 SOCTIO-ECONOMIC CONEIDERATIONS

The Ross dam development is bordered on the west
and south by the North Cascades National Park, on the
southeast by Mount Baker National Forest, and on the east
by the Pasayten Wilderness Area. Other federally owned
landés adjacent to the Naticnal Recreation Area, which
encompass the development, include Glacier Peak Wilderness,
Lake Chelan National Recreation Area, and Okanogan National
Forest (Figure 2-1). This vast area of federally owned
and controlled lands, encompassing in excess of 1,535,000
acres, limits population growth in the immediate project
area.

Proceeding 5 miles from Ross dam southwestwardly
on State Route 20, the first town is Diablo with an esgtimated
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1970 population of less than 100. lNewhalem, 5 miles

1
2. further west, has slightly over 100 people. Both villages
3. owned by Seattle were constructed for emplovees of the
4. Ekagit River developments and are inhabited by families
5. employed by Applicant. Marblemount, with a 1970 population
©. of 350, is located approximately 15 miles southwest from
7. MNewhalem, at the point where State Route 20 turns westward,
€. Pecople sntering the HNorth Cascades complex from the west
Y. would pass thrcough these small towns.
10,
11, State RBoute 20 was recenily extended from Diablo,
12, eastward to a point near Mazama, Washington (See Figure
13. 2-4). This extension permits direct access from the east
14, as well as the west. The larger potential demand for project
15, recreational use is from the west where the cities of Seattle,
1¢6. Everett, and Tacoma are located. A lower population density
17. east of the development is evidenced by the first town
18. on State Route 20 which is Mazama, Washington, with a 1973

1%. estimated population of 20. Wenatchee, with a 1970 popula-
20, tion of 16,912, is located 100 mileg further to the south.
Z2i. In a 50-mile radius from the development center, the

22. estimated 1973 population was slightly over 6,000. In

23. a 100-mile radius, which inciudes the cities of Everett

24, and Bellingham, over 487,500 people reside.

25,

20. Egstimated 1973 population statistics for Skagit and
27. Whatcom Counties are 53,000 and 89,000, respectively, with
28. dense concentrations in the western sections. Both counties

29. are sparsely populated, with 30.2 persons and 38.5 persons
30. per sguare mile for Skagit and Whatcom, respectivelvy. In
31. 1970 approximately 2,500 persons lived in the eastern two-
2. thirds of Whatcom County, the site of the development,

331, while the remaining one-third of the county was home for
34. approximately 79,500 people. A similar population distribu~
35, tion pattern is illustrated in Skagit County by drawing

36, & north-south line through the town of Concrete, 15 miles
37 west of Marblemount., In 1970, 1,018 pecple lived east of
3g. the line while 51,363 people resided in the western section
3. ©of the county.

40.

41, Marketing data for Skagit and Whatcom counties show
2. that the basic trading area for the two counties is the

43 . Bellingham-Mt. Vernon reglion while the major regional

44. trading area is the Seattle metropolitan area in King County.
45. Large, urban areas from Bellingham south to Tacoma dot

4¢ . the Puget Sound coast. 2 rough indication ¢f the develop-

47. ment's recreation potential can be obtained from 1970

48 . population figures of 1,238,107, and 332,521, respectively,

49, for the urbanized areas of Seattle - Bverett, and Tacoma.
50. With the cpening ©f the eastern portion of State Route 20
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(North Cascades Highway) the inhabitants c¢f the Spokane
urkan area (229,620, in 1270) have a direct route to

the development area as well as the pecple of Wenatchee.
With improved access, persons living both east and

south of Ross dam would place more emphasis on the Ross
Lake National Recreation Area for leisure time activities.

Both Skagit and Whatcom counties are egually
divided between urban and rural residents. Data for 1970
1. show that 46.3 percent of the population in Skagit and
11. 51.5 percent of the population in Whatcom was classified
12, as urban. Trends in population growth in the two counties,
13. however, present distinct differences. Detween 1960 and
14, 1970, Skagit County's tetal population increased by two
15. percent while the rural portion declined by 0.7 percent.
1¢. Whatcom County showed an overall increase of 16.5 percent
17. and an increase in rural inhabitants of 20.2 percent.

14, Urban growth in Whatcom County also surpassed that of
1y, Skagit County by about eight percentage points.

[CoRResiE N o NS N SR U B

21. 2.11 ECONCMIC DEVELOPMENT

23, Economic data for both Skaglt and Whatcom Counties
24, in 1970 show that earnings, which comprised roughly 78

2%, percent of total personal income, amounted to $371 miilien.
26. The general importance of various economic sectors is shown
27. 1n Table 2-3.

29, The private, non-farm sector acceounted for most of
30, total earnings. Manufacturing alone accounted for 25 percent
31. of total earnings in the two-county area. Wholesale and
2, retail trade and services made up 28 percent of the total,
33, Howeveyr, over the 20-year period depicted in the table,
34, government earnings, particularly State and local, surpassed
315, the wholesale, retail, and service sectors in terms of
36. increases in relative importance. The data also illustrate
37. the minor importance of agriculture.
38.
39.
40,
41.
42,
43,
44,
45,
46,
47,
48,
49,
50.



TABLE 2-3

2-43

Earnings by Broad Industrial Sectors
{Skagit and Whatcomr Counties)

1950 1962 1970
1,000's of 5% 1,000's of % 1,000's of %
bollars Total bellars Total Dellars Total
Total Earnings 113,036 1060.00 198,125 140.060 371,155 106.0¢
Farm Earnings 17,113 15.4 17,954 9.06 25,822 6,98
Total Non-Farm Larnings 095,923 84 .86 180,171 90.94 345,233 R3.02
Govt. Earnings 15,944 i4.11 36,822 18.59 78,035 21.0:2
Federal 3,851 3.41 7,587 3.83 10,256 2.76
State and Local 12,093 10.70 29,235 14.76 67,779 18.2¢
Private N§n~Farm 75,979 70.76 143,349 72.35 267,188 71.99
Manufacturing 27,Géi 24.47 51,432 25.96 93,328 25,12
T 5 1 ¥ B B B R 933 .25
Contract Construction 5,853 5.18 12,520 6.52 33,355 8.99
Transportation 6,896 6.10 11,944 6.03 21,225 5.72
Communication and
Public Utilities
Wholesale and Retail 22,310 19.74 33,808 17.06 60,104 16,19
Finance, Insurance,
and Real Estate
Services 11,269 9.97 25,322 12.78 45,276 12.2¢
Other 2,681 2.37 2,323 1.17 3,399 .82
source: U.5, Department of Commerce.
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1. hnother measure of relative economic importance is
2. the number of employees in the various gsctors of the

3. economy as shown in Table 2-~4,

4.

5. Table 2-4., Industry of Fmploved Persons 1970 -

6. Skagit and Vhatcom Counties

Industry

Number of Emplovyees

Percent of Total

50. by state and county is shown in Table 2-5.

Skagit ; Whatcom Skagit | Whatcom

Agriculture, Forestry and 1,433 2,274 7.9 3.0

Fisheries

Mining 17 66 0.1 0.2

Construction 1,185 1,779 6.5 6.2
{ Manufacturing 4,254 5,379 23.5 18.9

Transportation, Utilities, 1,115 1,788 6.2 5.3

and Communications

Wholesale and Retail Trade | 3,641 6,220 20.1 21.8

Banking, Investment, and 594 1,170 3.3 4.1

Finance

Services 4,943 5,641 27.5 30.3

Public Administration 873 1,171 4.8 4.1

Total 18,095 28,488 ) 100.0 100.0
Source: U.S. Department of Commerce. General Social and Economic
Characteristics. 1970.

40. Manufacturing, wholesale and retail trades and

41. services provide most of the Jjobs. Both counties reflect

42. this general employment pattern.

473,

44, 2 further breakdown of the manufacturing sector

45. shows that in both counties the lumber and wood products

46. industry along with other wood related industries account

47. for the largest number of Johs.

48,

49, B general description of income and employment
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1., Table 2~5, Income and Employvment, 1969
B B __State | Skagit | Whatcom
Civilian Labor Force, 7 Unemplovyed é 7.9% ? 8.47% : 7.5%
Families, Total i 862,542 13,833 % 20,319
Median Income $10,407 | § 9,407 | $ 9,431
Mean Income 511,511 510,376 | $10,304
% with income of less than 1 |
poverty level 7.6% 8.6% &.7%
% with income of $15,000 _
or more 22 .87 17.7% 16.8%
Per Capita Income of Persons 3,370 s 3,072 S 2,960

Source: U.S, Department of Commerce. General Social and Economic

27,
25,
29,
30.
3%.
32.
33,
34,
35.
36.
37.
38,
39,
44,

4

1.

-

£om
43,
44.
45,
46,
47.
48,
49,

Characteristics. 1970.

Elementary school facilities are provided for
children of Applicant's employeeg at Newhalem and Diablo.
Approximately 33 miles from Newhalem at Concrete, serving
an estimated population of 2,192, is another school district
consisting of an elementary and high school. The high school
at Concrete is the only one serving the area from the project
to Concrete. A decrease in population of the area between
Concrete and Marblemount has lessened the demand for educa-~
tional services and thus, Marblemount and Rockport do not
provide such services.

The nearest health services to the development are
at Newhalem where a full time nurse and small clinic are
available primarily for Applicant’s employees and families.
Professional services of a physician are available at
Concrete, approximately 45 miles from the development. Addi-
tional health services are available at hospitals located
in both Mount Verncn and Sedro Woolley, about 85 miles and
75 miles from the development area, respectively. According
to the Skagit County Planning Commission, helicopters could
be made availlable for emergency evacuations from the North
Cascades Complex. The Planning Commission also has advised
that an ambuiance would be staticned in the town of Concrete.
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2.12 CLIMATE

The climate of the area surrcunding RosSs reservolr
can be characterized as maritime. At the lake shore
summers are warm and dry with a few days of temperatures
above 90°F each vear. The winters can be characterized as
wet and cold with severe conditions in the mountains
surrounding the reservoir.

The average monthly temperatures at the Ross
powerhouse, according to U.S. Weather Bureau records over
a 1l0-~vyear period from 1961-1970, range from 32.2° for the
coldest winter month of January to 65.8°F. for August, the
warmest month. The coldest day was -10°F. on December 30,

1968 and the coldest month was January 1969 with an average

temperature of 22.1°F. The entire lake froze over twice
during the period of record, in December 1968 and January
1969. The highest recorded temperature at the dam during
the l0-year period was 101°F on August 31, 1967. The
1969 yearly average temperature was 48.2°F at Ross dam,
48 .2°F at Diablo dam, and 49.4°F at the town of HNewhalen,
The average maximum and minimum temperatures recorded

at Daiblo dam bhetween 1931 and 1960 were 57°9F and 40°F.

The extremes during the period of record were 106°F and -10°F,

The precipitation pattern in the Ross dam area
is essentially maritime with most of the moisture coming
during winter and gradually decreasing during spring and
summer. Nearly 50 percent of the precipitation normally
falls during November, December and January and 75
percent of the total precipitation falls from October
through March. Less than five percent of the annual
precipitation normally occurs in July and August, the
warmest months, Total precipitation figures show a
maximum of 9.8 inches in January and a minimum of (.95
inches in July. During the 1961-70 period of record the
iowest vearly precipitation recorded at Ross dam was
43.4 inches while the maximum was 69.9 inches. Precipi-
tation averages about 64 inches during the vear at
Ross dam. In 1969, the driest year in the survey
pericd, precipitation at Ross dam totaled 43.4 inches
whereas the precipitation downstream at Diablo dam
and Newhalem was 59.6 inches and 60.4 inches, respectively.
This record low precipitation at Newhalem was 17.9 inches
below the 30~year average. Losses from lake evaporation
average 25 inches on a yearly basis.,

Ross Lake receives less snowfall than the Skagit
Valley in Canada. In the area around the lake shore, the
snow will often be relatively shallow and become abruptly



o
= O

]
g

LA

forrd posd ot
T o L2

o ok et
ool O U

19,
20.
21.
22.
23,
24,
25,
26 .
27.
28.
29,
30.
31,
32.
33.
34,
35,
36,
37,
38,
39.
40.
43 .
42.
43.
44,
45,
46,
47.
48 .

2-47

deeper at about 2,500 feet elevation. Plants on the lake
shore willl develop leaves and flowers about a month earlier
than plants of the surrounding area.

The average monthly and yearly snowfall, measured
in inches, at Diablo dam during the period of record
(1931-60) is as follows: {*)

Gct., Hov, Dec. Jan. Feb. Mar . Zpr. Total
.1 5.1 16.8 23.4 16.5 9.5 5 71.9
* No snowfall was measured from May through September.

Average snowpack in inches of water over 20 years,
1951-1970, from 13 snow measuring stations in the Ross
reservolir area ranging in elevation from 1,900 to 6,500
feet are listed in Table 2-~6. The data indicate that
total snow accumulation has been fairly uniform with
the exception of 19%4 and 1956 which are the maximum
VEars.

Table 2-6, A Snowpack In Inches Of Water
1951 - 30.6 1961 - 22.3
1952 - 21.5 1962 - 16.5
1953 - 22.7 1963 - 11.4
1954 - 37.1 1964 - 2B.3
1855 - 23.8 1965 - 23.9
1956 - 40.6 1966 - 22.9
1857 - 23.7 : 1967 - 26.9
1858 - 16.8 i968 -~ 19.1
1959 -~ 23.5 1969 - 25.1
1960 - 18.2 1970 - 16.7

The Ross reservoir receives sunshine approximately 20
percent of the daylight hours during the winter, 40 to 50
percent of daytime in the spring and fall, and 606 to 70
percent during the summer.
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1, 2.13 WATER RESOURCES

2.

3. The Skagit River (Pigure 2-14) drains 3,105

4. sg. miles, 400 sg. miles of which are in Canada,

5, dinto Puget Sound. Approximately 1,000 sg. miles of

6. the drainage area lie above Ross Lake. The basin has

7. an average annual rainfall of 71 inches and an average

o, annual runcff, measured at Marblemount, of about 3,860,000
9. acre~feet,.

10,
11. The Skagit River contributes more annual runoff
172. into Puget Sound than any other river in the area. About
13. 13 percent of the Skagit River watershed lies in Canada
14. Dbut 94 percent of the runoff originates in Washington State.
15. The shielding effect of the mountain ranges tends to reduce
15. zrunoff from the upper portion of the Skagit basin. Approxi-
17. mately 30 inches of runoff are produced annually from the
18, upper basin compared to 140 inches annually from the lower
19, basin tributaries.
20.
21, Much of the precipitation in the upper Skagit basin
22. occurs during winter and is stored as snowpack until
23. spring. The upper Skagit basin has numercus glaciers
24. which help regulate streamflow by contributing runoff in
25. spring and summer and provide a significant part of the
26. lowflow during the dry, hot summer. The highest
27. monthly average discharge of the Skagit River occurs
28. in June, Minimum lowflows occur in the upper basin tribu-
249, taries in February or March, and on the lower river in
30, September.

31.

2. Floods in the Skagit basin are caused by a combination

33, of rainfall and snowmelt. Flood control storage in the

34, Ross Reservoir was helpful in controlling the floods of

35, 1949, 1955, 1959 and 1961. On these occasions the Ross

3¢, powerplant was shut down to hold back the greatest possible
37. amount of water and at such times the City of Seattle

38, borrowed or purchased energy to meet its power needs.

3. During the 1949 flood, enough water was held in Ross

40. Reservolr during flood control operations to cover

41, 116,000 acres to a depth of one foot. As previously

47 . indicated, preliminary studies by the Corps of Engineers
41, indicate that i1t may be desirable to increase the amount
44. of flood control storage provided by Ross Reservoir.

45,

46. 2.14 RECORDING STATIONS

47.

49, U.5.G.S5. monitoring stations record flows and gage
49, heights on the Skagit River near Alma Creek and on Big

50, Beaver Creek. & summary of the data recorded for the period
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1%.

21.
22,
23,
24.
25,
26.
27.
23,
29,
30.
31,

-

33,
34,
35,
36,
37.
38,
39,
40,
41,

43.
44,
45,
46.
47,
48,
49,
50,

of record is shown in Table Z-7. The gtreanflow at these
stations varies considerably throughout the yvear. Maximum
flows occur from June through September and minimum f£lows
are normally cbserved from November through April.

Table 2-7. Hydrologic Data from two Gaging Stations near
Ross dam
Big Beaver
Skagit River | Creek near
|above Alma | Newhalem (1940
Creek {18950 to 1948 and
to 1972) 1962 to 19569)
Drainage Rrea
{sg. miles in Canada) 400
{Total sg. miles) 1,274 63.2
Average Discharge
{ac, ft./year)} 4,126,000 299,900
Max, Digcharge {(cfs) 38,500 4,420
Min. Discharge (cfs) 590 654
Mean Annual 5,695 414
Discharge {cfs)

The Skagit River gaging station, located 0.6 miles
upstream from Alma Creek, has recorded streamflow data from
October 1950 to September 1972, as shown in Table 2-8. The
drainage area above this station encompasses 1,274 square
miles of which 400 sguare miles are in Canada. All diver-
sions in the river above the gaging station are returned to
the river above the station. During the period of record
(1950-1972), the maximum discharge was 38,500 cfs recorded
in June of 1967. The minimum recorded flow was 980 cfs in
December 1957.

The Big Beaver Creek gaging station, located 3
miles north of Ross dam on the left bank of Big Beaver Creelk,
hag a 63.2 sguare mile drainage area. The period of record
is from March 1940 to September 1948 and from October 1962
to September 194%, when operation of the gaging station
was discontinued. The maximum discharge at this station
was 4,420 cfs in October 1963. The record minimum
discharge was 64 cfs in March 1969. The average annual
discharge was computed to be 414 cfs (29%,900 acre-feet).
No regulation or diversion takes place abowve the
station,
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1. At the International gaging station on the Skagit
7. River near Hope, B. C., gage heights have been recorded
3. since December 1953, Flow measurements have not been
4. recorded because the gage is located in the upper reaches
5 of Ross reservolir and the water level measured at this gage
6. 1is subiject to backwater from Ross reserveoir. The maximum
7. height shown for the period 1967 to 1972 was 21.37 feet
. recorded sometime between July 6 and August 23, 13872, whereas
5. the minimum recorded height was 1.25 feet on March 5, 1955.
10. Data collected at this monitoring station and others in
11. the area are available in U.5.6.8. publications issued
12, annually (46).
%2‘ Water for consumptive uses in rural areas of the

15. upper Skagit Valley is supplied by wells from ground water
1¢. sources while towns such as Marblemcunt and Concrete have
17. small water supply systems. Because of the undeveloped
1g. character of the Ross basin, many of the small streams are
19, sulitable for most domestic water uses.

21. In the immediate vicinity o©of the project, waste
22. disposal is handled on an individual dwelling basis by
23. means of septic tanks. The town of Concrete, Washington

24. has a sewage treatment plant. Solid waste is deposited at
25. designated dumping areas.

26.

27, 2.15 WATER QUALITY

28

29, The water guality of the Skagit River is considered

30, excellent and suitable for most uses. Much of the sediment
31. in the upper Skagit, a large proportion of which originates
2. as glacial runoff, is captured in Ross reservoir, thereby

33, improving water guality downstream. There is no evidence

34. of significant man-induced polluticon entering the basin above
35, Ross dam. Water guality data collected from Ross Lake and
16, adijacent measuring stations are published annually by the

37, U.5.G.5. {47)

38

319, Daily water temperatures have been recorded since
40, January 1953 at the Skagit River gaging station 0.6 mile
41 . above Alma Creek. Records of this station show the maximum

42. water temperature observed during the period of record to
43. be 56.3°F on July 30, 1961, September 5, 1966, and July 31,
44, 1970. The maximum water temperature recorded in 1971 was
45, 51.8°F, occurring several days in July and Rugust. The

46. minimum water temperature observed during the period of

47 . record was 34.7°F. on March 1, 1956, and on several days

4%. in January and February 1969. The minimum water temperature
49, recorded in 1971 was 35.6°F, occurring from the 3rd through
50. the 12th of February. The months with the coldest water
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temperatures are January, February and March, when the
water normally ranges from 35.6°F to 41.0°F. The months
with the warmest water temperatures are July, August, and
September, when the temperature of the water ranges fronm
46,4°F to 51.8°F, Menthly maximum and minimum water
temperatures are listed in Table 2-8.

Table 2-8

Monthly Max. and Min., temperatures 1n dJdegrees Fahrenheit,

Skagit River above Alma Cresk - from Dec. 1950 to Sept. 1965.

Maximum Minimuam
Jan 43 36
Feb 43 36
Mar 44 35
Apr 46 38
May 48 40
Jun 53 44
Jul 56 45
Aug 55 48
Sept 53 47
Oct 53 45
Nowv 50 39
Dec | 47 39

The Skagit Fisheries Committee report included a
reference to water temperature sampling conducted by the
Applicant from July 1970 through November 1971. In summary,
the report indicates the presence of a well defined
thermocliine during the summer months. 2 maximum surface
temperature in Ross Lake of 75°F was recorded at Hozomeen
on August 1, 1971. Maximum observed water surface tempera-
tures cof 65.5°F and 62.5°F were recorded on adugust 20,

1971, midlake at Devils Creek and on August 19, 1%70, at
the Ross intake, respectively.
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Other water analyvsis data of Ross Lake are contained
in Table Z-9% which is reproduced from the 1971 committes
report. This sample, which was taken on May 27, 1971, is
included here as a general gulde to the existing water
quality of the reservolr.

2.16 MOISE AND AIR QUALITY

The prodect area is sparsely populated and there
i no industry in the vicinity. There are no monitoring
stations for noise and air guality in the Ross basin.

2.17 UNIQUE PEATURES

The National Register of Historic Places and other
sources list no historic or archaeclogical sites {(national
or local) which would be affected by the proposed project.
The State Office of Archaeclogy and Historical Preservation
has indicated that there are no historic sites in or near
the development area. An archaeocological survey was conducted
by Washington State University for the Rpplicant and no
sites were found.

BEig Beaver Valley (Figure 2Z-13), is valued for
its scenery and unigueness and for providing foot trail
access to the Pickett Mountains., The Valley contains a
unique ecological relationship according to the U.S. Forest
Service, called the Cascade Valley Mosalc Community, which
includes the redcedar forest and several other plant
communities woven into an escological complex.

Scenige vistas provide the visitors to this area
with views of the rugged Cascade Mcountains and the
numerous glaciers at higher elevations (FPigure 2-2). The
existing development is unigue in that it is the core of
a National Recreation Area and 1s protected from high
intensity, commercial development, because it is
surrcounded by federal lands managed primarily for their
natural resource values.
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TABLE 2-9
WATER ANALYSIS - ROSS LAKE

Station f 1 - South End - 25 foot depth
Station # 2 = South End - 100 foot depth
Station £ 3 ~ North End= 25 foot depth
Station # 4 - North End - 100 foot depth

Date Collected _
May 27, 1971

Results in milligrams per liter {PPM)‘except * and BOL - below detectable level

Sta. #1 | Sta. # 2 Sta. * 3 Sta. * 4

Alkalinity 24.5 25.5 28.4 25.5
Calcium {Ca) 10.4 11.4 11.6 10.4
Free Carbon Dioxide (CQz) 5.0 2.8 3.7 3.9
Chloride +6 0.5 apL 0.5 BOL
Chromium {Cr ) BDL BDL 131 BDL
Copper .025 015 .025 .02
Fluoride - «0.1 < 0.1 <0.1 <0.1
Herdness {CoC-Ds) 32.4 37.0 36.0 32.0
Iron {Fe) 0.05 0.03 0.05 0.03
Lead (Pb) <0.005 < (0.005 < 0,005 <0.005
Magnesium (Mg) 1.56 2.07 1.7 1.44
Manganese (Mn) «0.025 <0.025 <(0.025 <0.025
Nitrogen (Ammonia) —_ 03 015 015
Nitrogen (Nitrcte) 0.25 0.1 <0.05 < 05
Disselved Oxygen 11.5 11.6 10.9 11.5

| Phosphate {Poé) 04 w035 .03 .03
Potassium (K) 0.4 0.4 0.45 0.45
Residue (Total) 39 47 24 21
Residue - Filterchle 7 8, 9 10

1 Residue - Non-Filterable 32 39 - 15 11
Silica (Si0,) 7.0 7.2 7.8 7.0
Sodium (NG 1.4 1.0 1.5 1.6
Sulfate (SC ) 4.7 4.3 4,7 3.4
Surfactarits .008 026 .025 - .023
Tannin-Lignin 0.1 <0.1 0.15 0.1
* Color Units 5 5 5 5
* Temperature © C (° F) 7.5 (45.5)| 6.5(43.7) | 9.5(49.1) | 6.0 (42.8)
* Turbidity - JTU 1.5 1.0 1.6 0.9
* Secchi Disc 17' 14
* pH Units ’ 3 7.12 7.42 7.31 7.26
* Specific Conductance S,umhos,/cm 1 64 58 70 &4
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ENVIRONMENTAL IMPACT OF THE PROPOSED ACTION

L

-1 ECONOMIC IMPACTS

Raising the level of Ross reservoir 122.5 feet and

- increasing its maximum surface area in the U.S. by 3,600

- acres would cause greater economic impact outside the

- enlarged development boundary than within the development.
- Economic development would be greater in the surrounding

. areas of private land because of the large acreage of

- federal lands which encompass the development. Any

- development would be greater in Skagit County than in

. Whatcom County because the access route to the project

. from the populated areas tc the west passes through

. privately owned land in Skagit County.

The opening in 1872 of the eastern stretch of the

- North Cascades Highway (State Highway 20) which connects

- the Diablio Lake area with the town of Mazama in Okanogan

- County has had a major impact on the local economy. The

. completion of this east-wesgt link has resulted in increased
- traffic and greater demand for related services. Highway

- 20 is therefore a significant factor which must be consid-
. ered in assessing future economic trends,.

The extent of the economic impact of the proposed

. High Ross development on populated areas surrounding the

. federal lands will depend to a large degree on the construc-
. tion of the proposed recreation facilities. These populated
. centers include Marblemount, Rockport, Concrete, Lyman,

. and Sedro Woolley in Skagit County along the North Cascade

- Highway on the west side of the Cascade Mountains and

. Mazama, Winthrop, and Twiep in Okanogan County on the east

. side of the Cascades. A limited selection of lodging,

. food, and supporting services is available to visitors in

. these towns. The recreation season extends from approxi-

. mately June through September. During winter the North

. Cascades Highway is closed to through traffic. Aadditicnal

. motels and restaurants would probably havt to be operated
-on a seasonal basis. Construction of additicnal

. recreational facilities at Ross would increase the

- demand for motel accommodations by non-camping visitors

-and would stimulate the construction of other public service
- facilities.

Employment resulting from the proposed action

-would be increased. It is estimated that a two-year

« period would be required for construction of the dam with
. reservolr clearing operations and construction of

- recreation facilities extending about four years beyond
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33

37
38

41

43

this initial construction phase. During the first
two years, an average of approximately 250 workers would be
employed at the development. A work force of about 325

. would be required during the last 16 months of that two-
. year period. A shortage of local housing and services
. may force some workers to commute long distances. However,

the employees classified as truck dirvers and laborers,

. which is estimated to compose 62 percent of the work force,
. may already live in the surrounding communities. On the

10,
11,
12.
13.
14.
15.
16.
17.
18,
19,
20.
21.
22.
23.
24.
25,
26.
27.
28.
29.
3G,
31.

other hand, following completion of the dam, the size

of the work force would drop rapidly from 325 ¢ 50 and
finally to 15 in the last two years of reservoir clearing
operations. The rate of emigration of vounger people

might be temporarily reduced by dam construction sob
opportunities as well as by the demand for labor and manage-
ment help associated with comnstruction and coperation of
tourist and other service facilities.

3.2 RECREATION

Two impacts need to be considered in a discussion
of the environmental impact of recreation at the Ross
development. First is the impact from the proposed
changes in the dam and the larger reservoir to be
created; the other results from the NPS administraticn
of lands surrounding the proiect as a National Recreaticon
Area for high-intensity public use.

The Applicant's proposal to raise the height of
Ross dam would increase the total reservoir surface area
by about 8,300 acres of which 3,600 would be in the U.S.

. Of the lands to be flooded in the U.S., 1,250 acres would
.be in the Big Beaver Valley, a roadless valley containing
34,
35.
36.

a gtream, marsh, and forest. This valley, accessible
only by foot, extends from the west shore of Ross Lake
into the north portion of the adjacent North Cascades

. National Park (Figure 2-15) and is used mainly by
. hikers and backpackers.

39.
40.

The other U.S. lands to be flooded are adjacent

. to Ross Lake and extend to the Canadian border. There are
42,

thirteen campgrounds on these lands, all ¢f which, along

. with existing connecting trails and foot bridges, would
44 .
45,
46,

be inundated by the higher reservoir. Applicant proposes
to replace facilitiegs at a higher elevation.
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The numbers of boats and boat trips on the Diablo

. Lake excursion to Ross dam were increased in the past

. year. A restaurant and lounge are proposed for construc-
. tion adjacent to the departure point on Diablo Lake. In
. addition, a wvisitor's reception center and interpretive

. center is planned to be provided immediately below Ross

. dam. An application for approval of construction of this
. facility is pending before the Commission.

The NPS originally proposed to develop an access

. road and recreation development at Roland Point (See

. Figure 3-1). Further consideration of this plan by the
. NPS found it to be infeasible and an alternative access
. route from State Highway 20 to Ross reservoir is now being
. considered, The NPS reccmmends using the Applicant's
. construction access reoad for permanent access t0o Ross
. reservoir,

A proposed road connecting Ross Lake with the

. North Cascades Highway would provide for boat launching
. and a convenient entrance for large numbers of wvehicles
. and persons. At present the project reservoir is acces-
. sible by car at only one point from Canada. Boat

. launching facilities near the dam would make access a

. simple matter for some individuals who otherwise

. would not venture into the area. Impacts caused by

. improved access would carry over into other parts of

. the reservoir through increased use by boaters. Noise,

. air and water pcllution would increase from added boating
. and vehicular traffic,

. 3.3 PLANT COMMUNITIES

In reservolr clearing operations, large guantities

.of timber and other plant material would be removed or

. burned. Estimates prepared by Applicant's consultants

. indicate that the volume of timber between elevations
.1,602.5 feet and 1,727 feet approXimates 70 million

. board feet on an area of 3,600 acres in the U.8. The

. largest tract of land would be in Big Beaver Valley

. where extensive stands of cold-growth western redcedar,
.western hemlock and Douglas fir occur. Applicant states
. that merchantable timber will be felled and floated
.offsite. Depending on reservoir drawdown at the time of
. the harvesting operations, water and air quality would
.be affected differently. More debris entering the

. reservoir at full elevation would have a temporary effect
.on water guality. Disposal of slash by burning would

. adversely effect the guality of the air but such effects
- could be rapidly dissipated due to a lack of other sources
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of air pollution in the vicinity.

Much of the perimeter of the Lake is characterized

. by steep, rocky, slopes, and the proposed higher reservoir

level would eliminate 2,350 acres of shoreline and its

. existing biotic communities between elevation 1,602.5

feet and 1,725 feet. Thus, this area would be transformed
from a terrestrial habitat to an aguatic zone. In Big

. Beaver Valley alone, about 1,250 acres would be inundated,
. almost 35 percent of the total inundated acreage in the

. U.5. At reservoir elevation 1,725 feet broad, flat Big

. Beaver Valley would become an arm of Ross Lake approxi-

. mately 5 miles long. This new waterway would provide

. boaters a convenient access to North Cascades National

. Park and the magnificent Pickett Mountain range. On the

. other hand, the valley bottom community mosaic, evaluated
. as being of unique research and educational value by

. certain ecologists, would be lost. The eight broad plant
. types described previously are found elsewhere in the

. Cascades region or would not be affected by the higher

. reservoir level. What would be lost in Big Beaver Valley
. is the old-growth western redcedar stands in associa-

. tion with other valley bottom communities. After raising
. the reservoir level, old growth redcedar stands would still
. exist in the upper end of the wvalley and elsewhere in

. the Cascades but different site factors develop different
. successional patterns of vegetative development from those
. now found in Big Beaver Valley.

The biotic communities immediately above 1,727

. feet would be affected to a slight degree by the removal

. of adjacent vegetation and the closer proximity to a large
. body of water. Because several plant types have specific
. site requirementsg, alteration of the microclimate adjacent
. to the reservoir would have some minor effects on plant

. succession. Removal of vegetation below 1,727 feet would
.destroy a source of reproductive material such as seeds
.and stump sprouts.

. 3.4 WILDLIFE

The clearing of vegetation from elevation 1,602

.up to elevation 1,727 and the subsequent inundation up
.to 1,725 would adversely affect the wildlife of all
.sections of the Ross Basin in both the U.S. and Canada.

. The extent of the impact on each species would depend
.on factors both intrinsic and extrinsic to the species.
.Intrinsic factors include the species mobility, behavior,
.and regquirements for space, food, and cover. Factors
.extrinsic to the species include the season or seasons
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it inhabits the area proposed for inundation and its
distribution and abundance inside and cutside the are.

The UW team reported that about 25 to 35 percent

: of the entire deer winter range and consequently about
.25 to 35 percent of the winter food supply would be
inundated by enlarging Ross Lake. The extent of the

impact canncot be predicted with a high degree of accuracy.

: However, because of the behavior of deer and the nature of
their habitat, it is probable that the population would

be reduced by more than 25 to 35 percent.

Deer which would normally winter below elevaticon

" 1,725 would be forced to move to adjacent areas and
" compete with established animals. During most winters,

these deer ranges are at carrying capacity. Hunters do

. not harvest enough deer to lower population levels below

carrying capacity, and no event other than hunting can
be expected to reduce the populations below carrying capacity
on a regular, annual basis. Low hunting harvest is expected

to prevalil even if more hunters come to Ross Basin.

The number of deer which would die during cne of
the first few winters after clearing would approximate the
number of displaced deer, no matter how mortality were
distributed among the displaced deer and the deer incumbent

. to the land above highwater. Adverse impacts other than

direct die-off could be low reproductive success of the
undernourished survivors and damage to the vegetation
caused by overbrowsing. Carrying capacity would be lower

"until the vegetation could recover, an event which might

take several years.

The UW team reported field data which indicate

. that additional water surface in the higher reservoir

. could have a warming effect on the land. The reports

. suggest that the higher reservoir could cause the snow-

. melt or shallow snow zone to recede to a higher elevation
. thereby creating new winter habitat for deer. The

. predicted results from this possible warming trend seem

. too optimistic. It is not likely that the warming effect
. produce either a shallow-snow zone, or an early change

. in plant associations, sufficient to be of material

. benefit to deer.

One means of assessing the effects that the

-proposed increased impoundment could have on deer
-populations in Ross Basin would be to examine what
-happened after Ross Lake was enlarged by the raising of
-Ross Dam in 1948. The following guotation is from pages
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4 and 5 of the 1871 UW report: "By 1948 the lake was
formed and the total amount of deer winter range reduced
substantially. The extensive flat of Little Sahara, for

. example, was now under water. In 1952 a Forest Service

_ observer stated, 'Since then (1946) we have had about

. four severe winters with many deer carcasses found in the
. spring.f

"No doubt the loss of winter range due to flooding
resulted in competition between deer for the remaining

. winter forage, with conseguent range over-use and starva-
. tion. Only a few deer were found in 1952 {(three seen and
_ twenty estimated) where 125 had been seen in 1946.7

If the 1948 enlargement of Ross reservoir

" warmed the adjacent land in winter, apparently it was not .
" sufficient to provide new deer habitat during severe

" winters. The additional water surface in High Ross

. reservoir might bring about a milder microclimate

at a particular elevation, however, it is gquestionable

. whether this effect would offset the colder conditions
. which deer would have to endure if their winter range were
. displace 80 feet, for example, further up a mountainside.

The UW team reported that bear do not use

:the lakeshore zone any more or less than other parts
.of their habitat. They judged that a higher reservoir
_would affect bear by only slightly reducing their

. total range.

The 1971 UW survey indicated that about 35 beaver

:occupy Big Beaver Valley and about 50 percent of their

habitat would be flooded. Because of the shape of

'Big Beaver Valley, no new beaver habitat would result

from raising the reservoir and the population would be

:reéuced by approximately 50 percent. Beaver ponds provide
 habitat for animals such as cutthroat trout, wood ducks,

and muskrats, and consequently such species would be

:adversely affected.

Lowland habitat adjacent to Ross Lake and the

‘Skagit River in Canada below elevation 1,725 feet would be

inundated. Loss of these small areas of gedges, willows,

‘and cottonwood would be loss of habitat, particularly
_nesting habitat, for passerine birds such as flycatchers,
_orange—crowned warblers, and warbling vireoces.

Pond and river habitat would be decreased for

:species such as hooded mergansers, wood ducks, harleguin
.ducks, and mallards. However this loss could be offset
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by the increased amount of lake-edge habitat provided
by the longer shoreline.

Some small animals such as lizards, snakes,
frogs, and shrews have small home ranges thus the entire

. habitat for some populations would be eliminated. These

species exist outside of Ross Basin and none of them
are considered rare or endangered.

The replacement, relocation, and expansion of
recreation facilities such as campgrounds, parking areas,
and day-use areas would damage wildlife habitat. Construc-
tion activities with attendant dust, nosie, and traffic
would frighten wildlife and cause them to avold parts of
their range. Reproductive success of some wildlife species
would be lessened.

3.5 FISHERIES

The ilmpact of High Ross reservoir on the fisheries
resource can be evaluated best by considering separately
the phases of construction, reserveoir £illing and the
completed project.

Construction period: It is expected that
construction of High Ross would require at least 2 years.
The proposed construction schedule indicates that the lake

. would be lowered in the fall of the first year to permit
29,

30.
31,

the start of construction and that the water surface eleva-
tion would remain below 1,600 feet for a 24-month period.
The reduction of the lake level for construction would
expose more stream areas than under normal conditions

and would result in more silt and debris from the exposed
stream deltas being carried downstream into the reserveir.
Increased turbidity levels of the lake and of the lower

. reaches of the affected tributaries would be expected.
37.

ig.
39.

Spawning areas of trout in the tributary streams and
along the selected lake shore areas could be altered,
especially during the first construction year when the lake

.is at its lowest level. While more stream area might be
41.

available for spawning during the time the reservoir is
at a low level, the falls on Big Beaver Creek and Lightning
Creek would prevent trout from upstream movement beyond

-such barriers. The time of year that trout spawn should

-not change during the construction period. Water guality
46.

would be expected to be changed, due to Iincreased turbidity

.and run-off from additional exposed shore area. Siltation
48,

in tributary streams where spawning occurs could adversely

-affect egg incubation and hatching success in those areas.
50.

Spawning conditions in sections of streams not affected



fomd
D QD =~ I U s L o e

ot ot
8

}

Pt feed et e e bed
CO =3 O U s L

-

33.
34,
35.
35,
37.
38,
39.
40,
41,
42.
43.
44,
45,
46,
47.
48.
49,
50.

. by construction should not be altered. The fishery for

. trout in the lake could be adversely affected, especially
. during the first vear when access to the lake and mobility
. on the lake would bhe significantly restricted. These

. conditions would improve in the second year when the lake
. level is higher.

Filling period: ¥Filling Ross Lake to the

. 1,725 foot elevation is expected to require at least 2
. years. Former stream spawning areas would be inundated
. within the filling zone. The falls on Lightning Creek,
. which blocks upstream trout passage, would be flooded

. by mid-June of the first vear of £ill making available
. to Ross Lake trout new stream areas for spawning.

The stream sectionsg above the existing migratory

. range of trout from Ross Lake contain populations of

. native trout. It is not known how many trout from Ross
19,
20.
21.
22.
23,
24.
25,
26,
27.
28.
29.
30.
31,

Liake would migrate to the newly accessible areas or
how their spawning and rearing in these areas would
impact on the existing trout populations.

During the filling period, existing spawning areas
would be inundated and trout now using these locations
would have to move upstream if suitable area isg available
or find other streams in which to spawn. The success of
trout in making this type of adjustment cannot be predicted.

The beaver ponds in Big Beaver Valley below
elevation 1,725 feet would be inundated resulting in a
displacement of cutthrcoat trout contained therein. The
major spawning areas of these cutthrcat has not been
located, therefore, it is not known whether sufficient
spawning area above elevation 1,725 feet is available
to accommodate both the resident trout in the upstream
area and those displaced from inundation.

Public access to the lake would improve as
the reservoir fills. Boating on the lake would also
be safer after removal of stumps from the shore
areas.

The time of trout spawning during the f£illing period
should remain unchanged and water quality conditions for
egg incubation, hatching, and rearing should be favorable.
The Ross Fisheries Committee is continuing studies
on effects of inundation on egg incubation and hatch-
ing.

& schedule of downstream releases from Ross
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. reservoir during the filling period has not been provided.
. Low streamflow during the spring of the year could

. affect emergence and survival of salmon fry, particularly

. in the Marblemount area. This problem is currently

. under study and would need further examination if

. lowflow discharges are necessary for filling the reservoir.

Completed Project: When the reservoir is

. ralsed to its full operating level, the net amount of

. available tributary spawning area would probably be less
. than the area available under existing conditions.

. Some newly accessible trout spawning areas particularly
3. in Lightning Creek, would be made available through the

. flooding of falls and other barriers. To improve spawnhing
. areas in some streams, it may be desirable to remove log
. Jams or take other stream improvement measures. There

. should continue toc be spawning areas along the reservoir
. shoreline at inflowing streams or seepage areas. The

. reduction of the range of reservoir f£luctuations should

., facilitate tyout in reaching their spawning areas. A

. reduction in the depth of inundation of stream areas

. following the spawning period should zlso benefit

. survival of eggs and fry. When Ross Lake was raised

. to its present elevation, there was an apparently successful
. adjustment by rainbow trout to the new stream conditions.
. To maintain the fishery, it will be necessary for trout

. to adjust again to the conditions to be created by the

. higher reservoir elevation. The ability of the existing
. Ross trout population to successfully accomplish this

. further adjustment is unknown. To determine the

. net effect of the increased reservoir elevation on the

. trout production in all areas of the Ross basin would

. require a post-flooding study.

Physical conditions in the lake for the growth of

. trout have not been fully analyzed. The effect of

. increasing the area of the reservoir on the aguatic habitat
. of Ross Lake is under study and may be more predictable

. when those investigations are completed and the results

. are analyzed.

Forecasts of temperatures of the Skagit

. River downstream from the proiject, measured at a point

. six miles below Newhalem, have been prepared by the Appli-
. cant and Staff. These studies indicate a reduction of

. mean temperatures of the Skagit River with the High Ross

. development. Lower water temperatures can delay the

. date of spawning of anadromous fish and the rate of

. incubation of their eggs. The expected reduction of

. mean water temperatures, by even a few degrees, could
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delay the time of year that anadromcus fish spawn and would
extend the time of egg incubation and hatching in that
section of river in which these lower water temperatures

. would prevail. Chinook salmon, for example, spawn in the

fall of the year. The expected water temperature at that
time of year following completion of the project would

. be about 49F lower than existing conditions. This effect
. could delay the time of spawning, sxtend the time of egg

incubation, and delay emergence of the fry from the
gravel. A critical period exists when young fish begin

this timing and cause a significant loss of production.
Delayed rearing and growth could alsc adversely affect

the timing of downstream migration. Steelhead trout,
which spawn in the late spring, would encounter less of a
temperature change at that time of year, but the impact

of delayed spawning, egg and fry development and migration
of that species could alsc be significant.

3.6 ENVIRONMENTAL QUALITY

The proposed action would have little effect on
the air guality of the project area. There would be some
added air pollution of a temporary nature during the
proposed construction period from dust and emissions.

. A certain amount of air pocllution, mostly dust and noise,

. would be created by development of recreation facilities
258,

2%,
30.
31,

in the project area. Development of a proposed auto access
point from the North Cascades Highway would increased
vehicle emisslons in the project area. Construction

of recreation facilities would result in additional

solid wastes which would regquire disposal. The Applicant

. proposes to construct sealed vault-—-type restroom facilities

. at its campgrounds to avoid water pollution. Noise,
35.

particularly from added pleasure boat operation, would

.be a factor following construction and filling of the
37,

reservoir, and could have an adverse effect on the wilder-

.ness aspects and values of the Ross Lake area. NPS
39.

40,
41.

estimates that approximately 10,000 visitors per day
could be expected in the area; thus, degradation of
the environment could occur through overuse of the land

.or some of the facilities.
43,
44,
45,
46,

Depending on the extent of commercial development
and the scope and type of sewage treatment and solid waste
disposal methods that are used, water quality should not

.be altered significantly.
48,
49,

Some siltation from new construction would be

.unavoidable but this effect should be short term.
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About 600,000 cubic yards of gravel to be used
for construction of the added height of Ross Dam would

. be mined from the Crane Gravel Bar located adjacent to

the Skagit River about 1.3 miles south of Newhalem. The
application for permit states that "the land will be
retained in its natural state to be used as a portion of
a proposed future reservolir." Existing ponds near the

. gravel pit are being used for rearing salmon by the State
. Department of Fisheries. The pond created by gravel

removal would also be made available to the State for
salmon rearing.

Heavy visitor use of the area would generate
additional amounts of trash for which additional treat-

. ment and/or disposal would be required. Using figures
. from the U.S5. Public Health Service it is estimated that
. a 400~unit (assuming three persons per unit} campground

alone could generate approximately one ton of refuse

. per peak use day. Procedures for processing sewage

. effluent and for trash disposal will be included as

. part of a proposed NPS master plan, and are expected to
. follow the Service gulidelines.

The average temperature of the water released

. from Ross lLake would be colder and would affect the
. aquatic habitat of the Skagit River below Gorge dam
. For an undetermined distance downstream,

An increase in the use of motorboats on the lake

. would cause an increase in the amount of water pollution
. to some unknown, but minor degree.

3.7 IMPACT ON WATER QUALITY

The discharge from Ross Lake passes through the

. Diablo and Gorge developments before continuing down the

Skagit River. The effect of a larger Ross reservoir on

. downstream water guality are being studied by the Applicant
- and the reports will be part of the hearing proceedings.

It is expected that the mean water temperatures of the
Skagit River from Gorge dam downstream for 6 miles below

- Newhalem generally would be colder with the Ross reservoir
- at elevation 1,725 feet than at its present full level.

Under present operating conditions the Ross

- powerhouse intake invert is located about 184 feet below
- normal full pool elevation 1,602.5 feet. The powerhouse
- discharge water temperatures would begin to increase 1in
- May from about 39°F and approach 50° in July. The

- discharge temperatures would then decrease steadily



. through December until the reservoir temperature at the
,intake elevation stabilizes at about 37°F +to 39°F until

. the following May. With an increased normal full pool

.at elevation 1,725 feet, the powerhouse digcharges would

. remain around 39°F through June then begin to increase

,in July, attaining a peak of about 43°F in October and

. November as the reservolr temperature becomes more uniform,
.due to the fall turnover which starts in September.

. The increased height of the Ross reservoir with
. resulting lower powerhguse discharge temperatures would
. cause the existing water temperatures at a point six
.miles below Newhalem to be depregssed as much as 3°F to
. 4°F during the summer and fall months, as indicated on
. Figure 3-2. This depression could be much greater,

. except that the downstream Diablc and Gorge reservoirs
,are not highly stratified. The temperature gradient

, between the 5 and 200-~foot depth of the Diablc reservoir
19, averaged about 2.7°C. (4.9°F) and 3.4°C. (6.1°F) from
20. June through September of 1971 and 1972, respectively.

21.
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22 The Diablo powerhouse intake structure is located
23. about 120 feet below the normal full pool elevation 1,205
24 . feet. The powerhouse discharge temperatures are expected

25, 0o be gimilar to the reservoir temperature at the intake
26, elevation. The Diablo powerhouse discharge temperatures
27.would continue to increase slightly before the flow

28. reached a point 6 miles below Newhalem due to natural

29, warming conditions and mixing action with intervening

30, tributary flow; however, it would remain below the present
31. river temperature.

33, Additional studies by Applicant show that if the
34 . High Ross reservoir had been in operation in 1971, the
35, 8kagit River temperature at Alma Creek would have been
3¢ . reduced about 2.54°F, 3.26°F, and 3.553°F in August,

37, September and October, respectiwvely. These studies also
38 . show similar reductions for a simulation of the 1972

39, temperature regimen.

40.

41 . Staff conducted a heat budget analysis of the

42 .Rogs reservolr with normal water surface at elevation
43,1,725 feet, using the Corps of Engineers Hydrologic

44 ,Engineering Center's "Reservolr Temperature Stratification -
45, Generalized Computer Program 723-X6-L2410." Staff
4¢6.also computed the resulting temperatures in the Skagit
47 ,River at a point 6 miles below Newhalem. Comparison
48 . 0f measured temperatures under present conditions and
49, computed temperatures with Ross reservoir at full normal
50.pool at elevation 1,725 feet are shown in Figure 3-2.
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Raising Ross reserveir to elevation 1,725 feet

- would increase the surface area in the U.S. and Canada

- to a total of 20,000 acres. It is expected that the

- initial flooding of this land would cause a temporary

- increase in water turbidity in the reservoir. This should
- not be severe because the lands that would be flooded

- have been glacially scoured and the residual soils

- consist mainly of gravelly alluvial deposits. Much of

- the material that would move into suspension along the

. expanding shoreline should settle out as it moves down the
. reservoir. Additional settling of suspended soils would

. occur as waters move through Diablo and Gorge reservoir.

» During construction, when the reservolir is being maintained
. at a sustained lower lewvel, it is expected that the

. turbidity of the Skagit River downstream from the project
. would be increased for short-term periods.
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1. 4. MEASURES TO ENHANCE THE ENVIRONMENT OR T0O AVOID

2. OR MITICATE ENVIRONMENTAL EFFECTS

3.

4. Raising the elevation of Ross Lake would inundate

5. 3,600 acres of land in the U.S5. and would eliminate forested
6. lands now used primarily for stream oriented recreation

7. activities and for wildlife habitat. The flowing streams

3. which would be inundated within this area are used by trout
9. for spawning and rearing and for permanent residence by

10. some fish.
11.
l1z. The loss of wildlife habitat would affect a variety of

13. wildlife species. The UV study team reported that deer
14. populations in the Ross Basin would probably be affected

1%, most because of changes in the shrub successional communi-
16. ties which furnish significant browse material.

17.

18, " Applicant proposes to develop a browse area of

19, about 20-23% acres above 1,725 elevation on the east side
20. of Ross Lake, the work to be done during clearing of the
21. proposed reservoir area. Plant succession would be set
22. back and maintained in a seral stage by some combina-

23. tion of cutting, prescribed burning, and fertilizing.

24

25, High Ross Lake would inundate tributary spawning
Z6. areas used by trout. While significant existing spawning
27. areas would be lost by flooding, new areas for Ross Lake
28. rainbow trout wculd become availabkle by inundating log
29. jams and cother stream barriers. However, the net amount
30. of spawning area available %o trout upcon completion of

31. the project would be less than that which is currently
2. available. During the construction pericd, when the

33. reservolr would be maintained at a low elevation, access

34. for trout to desirable stream spawning areas could be
35. aided by providing fishways around waterfalls or other
36. obstacles or by removal of log jams or other blockage
37. to migration routes. Feollowing completicn of the

38. project, if it is found from evaluation studies that a
39. reduction in the trout populations has occurred, stocking

40, of Ros